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ELECTRON SPIN RESONANCE IN SINGLE 
CRYSTALS OF BaTio,? 
W. Low 
Department of Physics, The Hebrew University, 
Jerusalem, Israel 


phase. The spectrum can be described approxi- 
mately by a spin Hamiltonian 


” a 2. 1 2. 2 
H=g8H°'S +D(S, 2 S(S+1)E(S? Sis 


none with S= 3, D~ 89 gauss, and g=2.00. 
ese | and The angular dependence of the spectrum is 
D. Shaltiel shown in Figs. 1 and 2. Figure 1 gives the an- 
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Electron spin resonance of single crystals of 
BaTiO, was observed at 3 cm in the ferroelectric 





5000 T | 


| 
| | 
| | 
+ + 
+ 


4000 





























nh + | + } 
4 
oe | 
$ n 
2 3000 ae 3 
a ro) 
= } } = 
a) ae oe | - a 
, —— tT e 
4 | 2 
= mr 
2 t T t t T 1 t 1 2 
° 2 | 2 
1000 | | | } q | | _ “ 
' | i | | | 
0 10 20 30 40 50 60 70 80 90 
DEGREES 
0 10 20 30 40 50 60 70 80 90 
FIG. 1. Angular dependence of electron spin re- DEGREES 


- 
| 


sonance lines when the external field H, was varied 

in a plane parallel to the tetragonal axis. The arrows 
indicate the angle at which the lines had minimum 
width. 


FIG. 2. Angular dependence of electron spin re- 
sonance lines when the external field H, was varied 
in a plane perpendicular to the tetragonal axis. 
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parallel to the rf field and the tetragonal axis is 
perpendicular to it. The external magnetic field 
is rotated in the plane parallel to the tetragonal 
axis, that is, H, |!z axis. Figure 2 shows the 
case when H,12z axis. 

The line width varied sharply with the orienta- 
tion. Except for the special orientations marked 
with arrows in Figs. 1 and 2, the line width was 
very wide, sometimes several hundred gauss. 
In these special orientations, the line width 
reached a minimum. The central }— - 2 transi- 
tion (see Fig. 1) was about 10 gauss at @ = 0. 

We believe that the spectrum is connected with 
the ferroelectric state of BaTiO,, in particular 
with its domain structure, and not with any 
paramagnetic impurity such as Cr°+ or Fe°*.! 
The reasons are as follows: 

(a) The spectrum is very intense, approxi- 
mately 10° spins per gram of BaTiO,, much too 
intense to be explained by impurities present in 
the crystals. The spectrum was found in all 
crystals although they were obtained from many 
different sources. The spectrum was observed 
in so-called “pure” crystals and in those to 
which Pb, Fe, or Mn had been added intention- 
ally. Additional weak lines, caused by para- 
magnetic impurities like Mn?+, were observed 
and will be reported separately. 

(b) The intensity of the spectrum can be 
changed by varying the ratio of the magnitude of 
the a to c domain in the crystal. This was done 
by immersing the crystal in liquids of different 
dielectric constants as suggested by Fang ef al.,? 
and applying a de field. The temperature was 
slowly varied from -10°C (orthorhombic phase) 
to room temperature (tetragonal phase). 

If the crystal was transformed from a multi- 
domain structure to an almost pure a domain, 
the intensity of the lines decreased by at least 
a factor of 10. On the other hand, almost pure 
c domains gave intense lines. 

(c) The spectrum vanishes below 5°C, that is, 
in the orthorhombic phase (showing a tempera- 
ture hysteresis). It is of negligible intensity in 
the cubic phase. No new spectrum was observed 
either in the orthorhombic or cubic phases. 

In addition, a few wide and very weak lines 
were observed at high and low fields at inter- 
mediate angles. Some polarization effects were 
also observed which seem to point to possible 
distortions of the rf field in the neighborhood of 
the crystal. A more complete report will be 
submitted at a later date. 

We are grateful to Professor Pulvari, Dr. E. 
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Wainer (Horizons, Inc.) and Dr. Karan (I.B.M,) } 
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for furnishing some of the BaTiO, crystals. — 

T supported by the U. S. Air Force, Office of Scien- + uni 
tific Research, Air Research and Development ete 
Command. sin 


‘Hornig, Jaynes, and Weaver [Phys. Rev. 96, 170} sy, 
(1954)] have observed paramagnetic resonance spec- fie! 


trum in BaTiO, . They explain the spectrum as vel 
caused by ferrous ion impurities present in the crys- 

tal field of BaTioO,. Their observed spectrum can bk ’ wit 
attributed to the same origin as the spectrum ob- Ger 
served by us, except that their lines were observed T 
for a particular orientation of the tetragonal axis with Am 
respect to the field. Apart from the arguments in ] 


against assigning the spectrum to an impurity which 

were advanced in this letter, calculations of the , 
energy levels of the ferrous ion for all reasonable Z 
crystal fields yield g values which cannot be recon- 

ciled with the observed values of Hornig ef al. Beside 
the relaxation time of the Fe** is usually so short tha 

it can be detected only at liquid helium temperatures, 

*p. H. Fang, S. Marzullo, and W. S. Brower, 
Phys. Rev. 108, 242 (1957). } < 





POLARIZATION OF FREE POTASSIUM ATOM 
BY EXCHANGE COLLISIONS WITH SODIUM 
ATOMS AND FREE ELECTRONS* 


P. Franken, R. Sands, and J. Hobart FI 
f 
University of Michigan, Ann Arbor, Michigan pies 


(Received June 9, 1958) gaus 

We wish to report an experiment in which free tion 
potassium atoms have been detectably polarized tran: 
by exchange collisions with free polarized sodi- andt 
um atoms’ and with free polarized electrons. disc 


The apparatus is very similar to that discussed fy tee 
by Dehmelt? for his electron polarization experi) p 
ment in which free electrons were polarized by (b) 
exchange collisions with an optically pumped (c) 
(polarized) sodium vapor. (d) 


Our sample consists of a 6-cm diameter Pyra|_— (e) 
bulb into which has been distilled a mixture of | ~ 1°. 
sodium and potassium metal,* together with6 ' (f) 
mm argon. There are two 0.03-in. tungsten wit 
electrodes oppositely located in the bulb, which Via tl 
are employed in creating momentary dischargs the N 
in the sample. The bulb is normally held at alkal 
170°C at which temperature we estimate, from given 
the optical data, that the density of Na atomsis | for N 
~5x10'°/cc and the density of K atoms is ~2 This 
x1 0?°/ee. facto: 

Na resonance radiation from an Osram spect? The 
scopic lamp is sent through a Na-pass optical °xcha 
filter* followed by a circular polarizer. This | Proce 
light passes through the sample and is collectei ' 2ntis) 


by a photocell, the signal from which is ampli- © aa I 
iable 
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fied and displayed on a CRO. The direction of 
light propagation coincides with that of a 9-gauss 
uniform magnetic field developed by 25 in. diam- 
eter Helmholtz coils. A 0.04-gauss peak-to-peak 
sinusoidal field modulation at 15 cycles/sec is 
supplied by coils coaxial with the main magnetic 
field. Radio-frequency magnetic fields are de- 
veloped at the sample by means of 4 turns of 
wire wrapped around the bulb and excited by a 
General Radio Unit Oscillator. 

The six Na transitions (F =2, Am=1), (F=1, 
Am=1) are well resolved. An example is shown 
in Fig. 1(b). 


4 Wh OO 
js aa bY 


(b) (d) () 


FIG. 1. CROtraces of the sodium, potassium, and 
free electron resonances. The homogeneous magnetic 
field is 8.9 gauss, and the modulation field is 0.04 
gauss peak-to-peak at 15 cycles/sec. The Na transi- 
tion (F =2; m=-1-—- m =-2) occurs at 6.2 Mc, the K 
transition (F=2; m = -1 — m = -2) occurs at 6.4 Mc, 
and the free electron resonance occurs at 25 Mc. The 
discharge is at 30 cycles/ sec and is seen as pips at 
the extreme ends of the traces. 

(a) Na resonance, discharge on. 
(arbitrary units). 

(b) Na resonance, discharge off. 

(c) Kresonance, discharge on. 

(d) K resonance, discharge off. 


CRO gain = 1 


Gain = 1. 
Gain = 10. 
Gain = 10. 


(e) Free electron resonance, discharge on. Gain 
=10. 
(f) No radio-frequency, discharge on. Gain = 10, 


via the exchange process, so that a decrease in 
the Na light is observed. From a measured 
alkali relaxation time of ~10~* sec and the data 


| given above we compute that the cross section 


for Na-K exchange collisions is ~5x10~'*cm?. 
This estimate is considered reliable to within a 
factor of three. 

The calculation of Purcell and Field® for H-H 
exchange collisions was extended to the Na-K 


| process, utilizing the parameters of the Na-K 
ected ' 
npli- | 


antisymmetric attraction given by Herzberg.® 
The result is ~7x107'*cm? and is considered re- 





Free electrons are introduced into the bulb by 
initiating 2-Mc/sec rf discharges of~0.002 sec 
duration, repetitive at 30 cycles per second, 
and phased so that the discharges occur at the 
extreme values of the 15-cycle/sec modulation 
field. (In the CRO displays of Fig. 1 the dis- 
charges occur at the extreme right and left hand 
sides of the trace.) The Na, K, and free elec- 
tron resonances are shown in Figs. 1 (a), 1 (c), 
1 (e). The interpretation of the free electron 
resonance, following Dehmelt, is that the free 
electrons remaining after the discharge become 
polarized by exchange collisions with the opiti- 
cally pumped Na atoms. 

When the discharge is turned on, the sodium 
resonance decreases by ~20%, while the potas- 
sium resonance increases by ~40% (see Fig. 1). 
We believe the decrease in sodium signal is due 
to two effects: (1) the discharge tends to “etch 
out” the sodium vapor, and (2) the free electrons 
exert a depolarizing effect on the sodium atoms. 
The potassium resonance increases, however, 
because the free electrons, polarized by the Na 
atoms, contribute constructively to the polari- 
zation of the potassium atoms via the electron- 
potassium exchange collisions. The potassium 
vapor is also etched out by the discharge, but 
the advantageous electron-potassium exchange 
effect is generally predominant. The alkali 
densities and hence the relative changes in the 
alkali resonances are temperature dependent. 

The roles played by the Na and K atoms were 
reversed by running at higher temperatures 
(~200°C) and using a potassium arc. The ob- 
servations are similar to those described above 
and are in agreement with the computed Na-K 
exchange cross section. 

From the data we estimate that the electron- 
potassium exchange cross section is <3x10~* 
cm’, in agreement with Dehmelt’s estimate for 
the electron-sodium cross section.?, We have 
also obtained this value from unpublished data 
previously taken with an apparatus almost iden- 
tical to Dehmelt’s, but with potassium vapor 
only and a potassium arc. 

These techniques may be useful in polarizing 
atomic and ionic species hitherto intractable to 
direct optical pumping. Experiments along this 
line are in progress. 


The corresponding six potassium resonances 
occur at their proper frequencies with intensi- 
ties approximately 1/10 that of the Na reso- 
nances. An example is shown in Fig. 1 (d). The 
interpretation is that free K atoms have been 
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polarized by exchange collisions with the opti- 
cally pumped Na atoms. The rf depolarization 
of the K atoms is “passed on” to the Na atoms 


* This work has been supported by the U. S. Atomic 
Energy Commission. 

1 While preparing this manuscript for publication we 
learned that R. Novick, University of Illinois, has 
been developing an atom-atom exchange polarization 
experiment in a sodium-rubidium system; see R. 
Novick and H. E. Peters, following Letter | Phys. 
Rev. Lett. 1, 56 (1958)]. We wish to express our 
gratitude to Professor Novick for several interesting 
telephone conversations in which ideas common to 
both of these experiments were discussed. 

2H. G. Dehmelt, Phys. Rev. 109, 381 (1958). 

3 The Na metal used (Cenco) contains a trace of 
potassium impurity so that a pre-mixing of the two 
metals was not necessary. 

4 This filter consists of Corning CS3-69 and CS4-97 
plates. It is used to absorb the small amount of 
potassium resonance radiation emitted by the Osram 
sodium lamp. 

5E. M. Purcell and G. B. Field, Astrophys. J. 124, 
542 (1956). 

6G. Herzberg, Spectra of Diatomic Molecules (D. 
Van Nostrand Company, New York, 1955). 








ORIENTATION OF RUBIDIUM ATOMS 
BY SPIN EXCHANGE WITH 
OPTICALLY PUMPED SODIUM ATOMS * 
R. Novick and H. E. Peters 


Department of Physics, University of Llinois, 
Urbana, Illinois 
(Received June 17, 1958) 


Recently Dehmelt demonstrated that free elec- 
trons could be polarized by exchange collisions 
with optically oriented sodium atoms.’ In this 
letter we report on an extension of this method 
to the orientation of atoms, in particular ru- 
bidium, by spin exchange with polarized sodi- 
um.”» Rubidium was chosen for testing this me- 
thod because the low-field Zeeman frequency of 
its most abundant isotope is well separated from 
that of sodium. Except for the adsorption bulb, 
the experimental apparatus is essentially the 
same as that used by Dehmelt.' In our case the 
bulb consists of a 50 cm® spherical flask con- 
taining argon at a pressure of about 5 cm Hg and 
having metallic sodium deposited on its inner 
surface. The rubidium is contained in a small 
glass side arm that can be separately heated. 
The main bulb is maintained at a temperature of 
about 140°C while the side arm is kept cooler 
except when it is desired to transfer rubidium 


54 


into the absorption cell. The experiment is per. ’ 
formed in a uniform magnetic field of about 0.4 
gauss so that the sodium Zeeman resonance fre. 
quency is 329 kc/sec and the rubidium frequene, 
is 213 kc/sec. The bulb is irradiated with cir- 
cularly polarized sodium resonance light and it 
optical transmission monitored by a photocell 
and oscilloscope. The optical transmission of th: 
absorption cell for the circularly polarized so- 
dium light provides a measure of the net polar.’ 
ization of the sodium atoms.' Low-frequency 
Zeeman modulation is used to facilitate obserw. 
tion of the Zeeman resonances. A very intense 
sodium Zeeman resonance signal is observed 
when a radio-frequency magnetic field of 

320 kc/sec is applied to the absorption bulb. In 
addition, a resonance is observed at the ru- 
bidium Zeeman frequency (Fig. 1). The intensity 





FIG, 1. Rubidium Zeeman resonance as observed | 
by its effect on the optical transmission of a sodium 
resonance absorption cell. 


) 
of the rubidium resonance is about 5% of that 
the sodium resonance. The shape of the rubidix 
resonance is quite distinct from that of the so- 
dium and it only appears when a suitable quanti’ 
of rubidium has been distilled into the bulb. Tes* 
with suitable optical filters have shown that the, 
rubidium signal is not due to direct optical 
pumping of the rubidium by a rubidium impuril 
in the sodium arc. The rubidium resonances 
have been observed in two bulbs having slight | 
different construction. The effect has been 0: | 
served using both a GE type NA-1 sodium art ; 
and an Osram sodium spectral lamp. The s0- 
dium and rubidium resonances have been ob- 
served simultaneously by applying both 320- 
and 213- kc/sec signals to the radio-frequent) 
coil surrounding the absorption cell. In this ¥| 
it was found that the rubidium rosonance dis + 
appears when the sodium resonance is saturalt, 
indicating that the oriented sodium is essentiil 
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to the observation of the rubidium resonance. It 
is believed chat the rubidium atoms are oriented 
by spin exchange with the sodium and that the 
disorientation imparted to the rubidium by the 

rf field is transferred to the sodium by the same 
process. Thus resonance disorientation of the 
rubidium results in a reduction of the optical 
transmission of the absorption cell. 

The sodium and rubidium densities have been 
estimated from optical absorption and scattering 
measurements to be 2x10'° and 1x10?° atoms/cm® 
respectively. Using these values and taking the 
rubidium argon relaxation rate to be about 107 
sec, we find that the spin-exchange cross section 
Q, is given by 


Q=2x107*cm?. 


This result might be in error by as much asa 
factor of three. 

A simple theoretical estimate has been made 
of this cross section by use of the method of 
Purcell and Field.* For this purpose a Morse 
potential was fitted to the known parameters of 
the NaRb molecule.® The theoretical value is 
Q =5 x107*cm’?. 


Further work is in progress to obtain a more 
precise value of the cross section and to extend 
the method to other systems. 

We wish to express our appreciation for help- 
ful discussions to Dr. P. Franken, Dr. J. D. 
Jackson, Dr. M. Karplus, and Dr. C. P. Slichter. 


*Supported in part by the joint program of the 
Office of Naval Research and the U. S. Atomic 
Energy Commission. 


'H. G. Dehmelt, Phys. Rev. 109, 381 (1958). 

2p. Franken has kindly informed us, by private 
communication, of his results on a similar experi- 
ment with potassium; see Franken, Sands, and Ho- 
bart, preceding Letter [Phys. Rev. Lett. 1, 54 
(1958)}. Prior to hearing of Dr. Franken's results 
we had made a search for spin-exchange orientation 
of rubidium which was unsuccessful because of alloy- 
ing of the sodium and rubidium. It was realized at 
that time that this difficulty could probably be over- 
come by the use of an absorption bulb of the type 
described in this letter. Subsequent to learning of Dr. 
Franken's result such a bulb was constructed and 
positive results were obtained. 

‘In the preparation of this manuscript it was learn- 
ed that H. G. Dehmelt has observed similar effects 
in the Cs-Rb system [P. Franken (private communi- 
cation)]. 


PROPOSAL FOR DETECTION OF NEGATIVE- 
MASS CARRIERS BY CYCLOTRON RESONANCE 
George C. Dousmanis 


RCA Laboratories, Princeton, New Jersey 
(Received June 25, 1958) 


The purpose of this note is to point out that 
cyclotron resonance’ is a very sensitive way of 
detecting and exploring negative effective mass 
carriers.” The discussion and calculations here 
refer specifically to the transverse negative 
mass of heavy holes in Ge and Si, but the tech- 
nique in principle can be utilized in other crys- 
tals. 

Figure 1 shows the energy contours for the 
heavy holes in Ge and Si. The effective mass 
for any direction perpendicular to the (100) is 
negative for all the carriers that are inside the 
cones. The half-angle @ of the negative-mass 


ky (110) 


NEGATIVE 
MASSES: 3.5% IN Ge, 2.4% IN Si 
AT EQUILIBRIUM 


@ = 15° IN Ge, 
12.5° IN Si 





k, (100) 





CONTOURS OF EQUAL ENERGY 


FIG. 1. Energy contours for heavy holes in Ger- 
manium and silicon. 


cone is 15° in Ge and 12.5° in Si. These values 
are obtained from the band structure using the 
values for the constants A, B, and C derived 
from cyclotron resonance absorption on the 
positive-mass carriers.*»* In Fig. 1 the k,, and 
kz directions are along (110) directions. e 
values of 6 are not very different from the above 
for ky and kz in any directions perpendicular to 
the (100) axis. For instance, in Ge, @ is 5% 
smaller than the value above if k, and kz are 
chosen along the other two (100) crystallographic 
directions. 

We have computed that at equilibrium the ne- 
gative-mass populations are 3.5% and 2.4% of 
the total heavy hole population in Ge and Si, 
respectively. In cyclotron resonance work with 
Ge, for example, total carrier (heavy hole) den- 
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sities of 10® to 10° (per cm’) are usual. Thus 
negative-mass carriers with densities of 3.5x10® 
to 3.510" are expected and should be detectable, 
since the cyclotron resonance technique has 
sufficient sensitivity’ to detect as few as 10° to 
10° carriers per cm’. 

The experiments suggested here for the detec- 
tion of negative-mass carriers are of the usual 
cyclotron resonance type.*»* If the absolute 
values of m* for negative- and positive-mass 
carriers are quite different, then the negative- 
mass carriers, at their resonant frequency 
(using Im*|), will give a larger effect, by com- 
parison to the nonresonant effect of the positive- 
mass carriers at the same frequency, than that 
suggested by their equilibrium populations 
given above. One can also use circularly polar- 
ized infrared or microwave radiation and sam- 
ples with a preponderance of holes, in which 


case for one direction of H only the positive- 
mass holes are detected. Reversal of the mag- 
netic field direction should reveal only the neg- 
ative-mass signal. The preferable axis for 
application of H is the (100) direction. The ef- 
fect, of course, is strongly dependent on orien- 
tation. 


There will be cases for plane polarized waves 
where negative-mass effects will appear as dis- 
tortions of the absorption lines due to the posi- 
tive carriers. It is not clear whether any line 
distortions or “extra line” signals in previous 
work’: *,® are due to these effects, since they 
have not been considered so far. The classical 
Boltzmann theory for the shape of the absorp- 
tion lines’ neglects negative masses entirely, 
and a more accurate calculation® for a specific 
case does not explicitly introduce effects of this 
type. 

Work of this type should directly confirm the 
re-entrant type of contours in Ge and Si that has 
been indicated by cyclotron resonance work on 
positive-mass carriers, and may prove a very 
sensitive tool for further band structure studies. 
With the proper distribution, the cyclotron re- 
sonance of negative masses could well lead to 
rf power generation and amplification. 

This technique should provide a sensitive 
method for measuring the feasibility or efficien- 
cy of methods proposed by Kroemer,? of popu- 
lating and utilizing for amplification purposes 
negative-mass regions of k space. 

The author is obliged to Professor Charles 
Kittel of the University of California, and F. 
Herman and E. O. Johnson of this Laboratory, 
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for discussions and helpful suggestions on this 
subject. 


1 The present scheme was earlier suggested in RCA 
Laboratories Report, Contract No. DA36-039-sc- 
73054, October 31, 1957 (unpublished). 

2H. Kroemer, Phys. Rev. 109, 1856 (1958). 

3 Dresselhaus, Kip, and Kittel, Phys. Rev. 98, 368 
(1955). 

4 See the review article by B. Lax in Revs. Modern 
Phys. 30, 122 (1958) for a comprehensive list of 
references on experimental techniques and results. 

‘Fletcher, Yager, and Merritt, Phys. Rev. 100, 
747 (1955). 

6 Behrndt, Rauch, and Zeiger, Quarterly Progress 
Report, Solid State Research, Lincoln Laboratory, 
Massachusetts Institute of Technology, February 1, 
1958 (unpublished). 

1 Zeiger, Lax, and Dexter, Phys. Rev. 105, 495 
(1957). 

8 J. M. Luttinger and R. R. Goodman, Phys. Rev. 
100, 673 (1955). 





HYDROXIDE ABSORPTION BAND IN ALKALI 
HALIDE CRYSTALS 
J. Rolfe 


Radio and Electrical Engineering Division, 
National Research Council, Ottawa, Canada 
(Received June 25, 1958) 


Pure alkali halide crystals should be complet- 
ly transparent from the fundamental absorption 
edge in the ultraviolet to the ionic absorption 
edge in the infrared. Many types of impurity 
produce absorption bands in the ultraviolet re- 
gion, however, and absorption measurements 
in this region provide a sensitive indication of 
their presence. Such measurements have been 
made on a series of alkali halide crystals grown 
from the melt in this laboratory, and on several 
batches of crystals purchased from the Harshaw 
Chemical Company. In all of these crystals ab- 
sorption bands were found at the following wave- 
lengths at room temperature: 


KBr: 215.0 my; KCl: 203.5 my; 
NaCl: 190 mw 


From classical dispersion theory,* assuming a 
oscillator strength of unity for the absorbing 
centers, the impurity density was calculated to 
be about 10**cm™ for all the crystals studied. 
Absorption bands at these wavelengths could 
be caused by any anionic impurity containing 
oxygen, except oxide” (O~~), but the most pro- 
bable impurity was thought to be hydroxide, re- 
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sulting from hydrolysis of the alkali halide in 
the melt with a small amount of water present 
in the starting material. The evidence for this 
view is the following: 


(a) Potassium and sodium chlorides, melted 
in an attempt to remove the last traces of 
water, often given an alkaline reaction when 
dissolved in water.® 


(b) When very careful drying procedures 
were applied to reagent grade* KCl and KBr 
and crystals were grown from this material in 
a carefully dried, oxygen-free, nitrogen at- 
mosphere, the absorption bands disappeared. 
The drying procedure consisted of slowly heat- 
ing the powdered material under high vacuum® 
for 88 hours in the case of KBr and 21 hours 
for KCl. 


(c) Natural rock-salt and sylvine (KCl) crys- 
tals® showed no trace of an absorption band. 
These crystals were known to be formed by 
very slow evaporation of a saturated solution, 
and were thus never subjected to temperatures 
high enough to cause hydrolysis. 


(4) The absorption bands have been increased 
by growing crystals in a nitrogen atmosphere 
saturated with water, and by adding alkali hy- 
droxide to the melt. 


Because of the general appearance of these 
bands in the synthetic crystals (Harshaw) used 
for many experiments, and the great care 
needed to remove the last traces of water from 
the starting material, it is suggested that hy- 
droxide has been an impurity present in fairly 
large amounts in all crystals used in previous 
work on alkali halides. The presence of hy- 
droxide is not shown by spectrochemical anal- 
ysis.’ Furthermore it is probable that not much 
purification takes place during crystallization. 
Preliminary measurements showed very little 
difference in the absorption coefficient at the 
band maximum along the length of the crystal, 
indicating a segregation coefficient for hydrox- 
ide near unity. 

Irradiation experiments on KBr and KCl crys- 
tals containing different concentrations of hy- 
droxide were carried out at room temperature 
and at liquid nitrogen temperature. The ultra- 
violet source used for this purpose was a 
General Electric AH-4 mercury lamp with the 
outer glass envelope removed. At room tem- 
perature, irradiation produced F-centers, 
whose saturation density was approximately 


proportional to the initial density of the hydrox- 
ide impurity. These F-centers were stable in 
the dark, but were quickly bleached by illumi- 
nation with a tungsten lamp. 

At liquid nitrogen temperatures, KBr and KCl 
behaved differently. The bands obtained on 
ultraviolet irradiation of a KC] + KOH crystal 
are shown in Fig. 1. The two bands appearing 
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FIG. 1. Absorption spectra of KCl crystal, irra- 
diated at 78° K: (a) untreated crystal, measured at 
78°K, (b) crystal irradiated for 127 minutes with 
AH-4 lamp at 78°K, measured at 78°K, (c) after 
warming to 300° K. 


in the ultraviolet are marked U, and U, because 
they seem to be identical with those observed 
by Delbecq ef al.* when KCl + KH crystals were 
irradiated by the same source. They concluded 
that these bands were due to interstitial hydride 
ions (U,) and interstitial hydrogen atoms (U,). 
The hydroxide absorption band was itself altered 
by irradiation, and on warming to room tem- 
perature, when the U, and U, bands disappeared, 
the wavelength of the remaining ultraviolet ab- 
sorption band corresponded to the oxide ab- 
sorption band (K,O).? It thus seems probable 
that irradiation splits the O-H bond, giving 
oxygen and hydrogen absorption bands, as well 
as the F-band. 


The absorption bands obtained on irradiation 
of KBr + KOH at liquid nitrogen temperature 


are shown in Fig. 2. For this material, the a 
band was within the wavelength range of the 
spectrophotometer used,°® and appeared very 
strongly. The band marked U’ is coincident 
with a band found, in a separate experiment, 
upon irradiation of KBr + KH at liquid nitrogen 
temperature with the AH-4 light source. By 
analogy with the results obtained by Delbecq et 
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al. with KCl + KH, this band is assumed to be 
due to hydrogen; and the ultraviolet absorption 
band which remains after warming the crystal 
to room temperature is assumed to be the oxide 
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FIG. 2. Absorption spectra of KBr crystal, irra- 
diated at 78 K: (a) untreated crystal, measured at 
78° K, (b) crystal irradiated for 88 minutes with 
AH-4 lamp at 78°K, measured at 78°K, (c) after 
warming to 300° K. 


absorption band, by analogy with the results ob- 


tained after irradiation of KCl + KOH at liquid 


nitrogen temperature. The V, band also appears 


very strongly on low temperature irradiation. 
The reasons for its appearance are not at pre- 
sent clear. 

The author wishes to thank Mr. R. Boulet for 
growing the crystals and Dr. J. H. Simpson for 
much helpful discussion. 


‘Ff. Seitz, The Modern Theory of Solids (McGraw- 
Hill Book Company, Inc., New York, 1940), p. 664, 
Eq. (7). 

25. Akpinar, Ann. Physik 37, 429 (1940). 

3C. R. Johnson, J. Phys. Chem. 39, 791 (1935). 

4"'Baker Analyzed" Reagent; J. T. Baker Chemical 
Company, Phillipsburg, New Jersey. 

5Gardner, Brown, and Janz, J. Phys. Chem. 60, 
1458 (1956). 

6 From Malagash, Nova Scotia, Canada; kindly 
supplied by the Mineralogy Division of the Geological 
Survey of Canada, Ottawa, Canada. 

™W. Duerig and J. J. Markham, Phys. Rev. 88, 
1043 (1952). 

8 Delbecq, Smaller, and Yuster, Phys. Rev. 104, 
599 (1956). 

9''Spectracord" Model 4000. The Perkin-Elmer 
Corporation, Norwalk, Connecticut. Room-tempera- 





ture absorption measurements in the range 185-200 
my were made with a Beckman DK-1 spectrophoto- 
meter, flushed with nitrogen. 
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MAGNETIC FIELD EFFECTS ON BOW SHOCK 
STAND-OFF DISTANCE 


Richard W. Ziemer and William B. Bush 
Physical Research Laboratory, 
Space Technology Laboratories, 

The Ramo-Wooldridge Corporation, 
Los Angeles, California 
(Received June 6, 1958) 


Combined theoretical and experimental inves- 
tigations have been carried out by the authors t 
find the effects of applying magnetic fields to the 
ionized flow about a blunt body of revolution. Re. 
ported here is the effect of the magnetic field m 
the shock wave stand-off distance. 

The effect of a magnetic field on a bow shock 
wave of an unyawed body of revolution was stud- 
ied theoretically by the following model’: 

(a) The fluid in the free stream has neglig- 
ible electrical conductivity and has uniform ve- 
locity (U) parallel to the axis of symmetry. 

(b) The shock wave is treated as a mathema- 
tical discontinuity. 

(c) In the shock layer, the Mach number is los 
enough so that the density (p) and enthalpy are 
approximately constant. The viscosity and ther- 
mal conductivity are neglected, but the electria 
conductivity due to the ionization is not neglectei 
Consistent with the prior assumptions of constar 
density and enthalpy in the shock layer, the as- 
sumption is made that the electrical conductivity 
is constant. 

For this model, the flow in the shock layer is 
governed by the following equations: 


V-q =0, 
vx[(Vxq)x q] =(0/p)¥x[ (q xB) xB], 
V-B =0, 


VxB = op(q xB), 


where q = velocity vector, B = magnetic field 
vector, o= electrical conductivity, and p = mag: 
netic permeability. To simplify the mathematica 
analysis, the shape of the shock and the mag- 
netic field upstream from the shock are taken 
to be known and the shape of the body and the 
magnetic field at the body are found. 

For a spherical shock of radius c and the ma 
netic field in the free stream that due to a dipol 
located at the origin of the sphere, 


B =2ac’ cosde ,/r*+ac* sindég/r® for >, 


the nonlinear differential equations were solved | 
on the Remington Rand 1103A digital computer 


Jury 15, 1953” 
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with «= 0.0909 (for air), Rey =0.2 and 1.0, and 

@ varying from 0 to 4. (€ =pao/p; Q = (0a*c)/poU) 
and Reyy=ou.cU). For this range of @, a body 

that is consistent with the analysis is a sphere 
concentric with the shock. The theoretical stand- 


off distance, A=(c-r,)/rp, increases with increas- 


ing Q but is relatively unaffected by Rey, for the 
range of Rey considered. 

The experimental investigation of the effects of 
an applied magnetic field on the bow shock stand- 
off distance was performed in a 3 in. diameter 
electromagnetic shock tube of the tapered tube 
type.” The shock wave was driven by the dis- 
charge, through a spark gap, of six l-y/f capa- 
citors at 20 kv. The model was a 2.0-cm diame- 
ter cylinder with a faired nose with a radius of 
1.2 cm. Magnetic field strengths of up to 35 kilo- 
gauss were produced by a pulsed 6.3-mm i.d. 
coil contained in the nose with its axis parallel 
to the model axis. The magnet current was sup- 
plied by two 100-yf capacitors charged to volt- 
ages up to 1500 v. A pickup coil was used to 
trigger and synchronize the discharge through 
an ignitron circuit. The stand-off distance was 
scaled from image converter camera photo- 
graphs of the bow shock taken with an exposure 
time of 110 millimicroseconds. 

The shock tube tests were made in air at an 
initial pressure of 70 microns with a primary 
shock Mach number of 22. About 15 psec. of 
steady flow were obtained, providing during this 
time free-stream conditions of U = 6890 m/sec, 
M=4.5, p/p, =1.22 x10, and T = 6450°K, as de- 
termined from the thermodynamic properties of 
air. The resulting conditions in the shock layer 
were p/p, = 1.93 x 107, T=17000°K, ando= 130 
mho/cem, 

The stand-off distance was measured for 
various strengths of the applied magnetic field 
and was found to increase with increasing field 
strength as shown typically in Fig. 1. To facili- 
tate comparison with experimental data, the 





FIG. 1. Typical picture of bow shock without (left) 
and with applied magnetic field. 
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FIG. 2. Experimental data and theoretical curve 
for the variation of stand-off distance with Q* for air. 
Free stream conditions are p/p) = 1.22x10"*, T 
= 6450°K, U= 6890 m/sec and M= 4.5. 


theoretical parameter Q was converted to Q* 
=o B, ¥b/Poo U in which B, is the field strength 
at the stagnation point on the body and rz is the 
nose radius. The theoretical curve and the ex - 
perimental data are shown in Fig. 2 and are seen 
to correlate quite well for the range of Q* inves- 
tigated. 

Work is now in progress which will extend the 
experimental data to variations in free-stream 
density and velocity and to other gases. 


‘Ww. B. Bush, Physical Research Laboratory, 
Space Technology Laboratories Report No. ARL-7-70, 
1957 (unpublished). 

2 Vv. Josephson, J. Appl. Phys. 29, 30 (1958). 

3 F. R. Gilmore, Research Memorandum 1543, 
Rand Corporation, 1955, (unpublished). 





OBSERVATION OF MICROWAVE CYCLOTRON 
RESONANCE BY CROSS MODULATION* 
H. J. Zeiger, C. J. Rauch, 
and M. E. Behrndtt 


Lincoln Laboratory, 
Massachusetts Institute of Technology, 
Lexington, Massachusetts 
(Received June 2, 1958; revised manuscript 
received June 19, 1958) 


A new method of observing microwave cyclo- 
tron resonance in semiconductors has been de- 
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veloped. The sample (~3 mm in maximum di- 
mension), with leads attached, is placed in the 
high E field region of a microwave cavity, ina 
conventional K-band bridge. The static mag- 
netic field is slowly swept through resonance, 
as in the usual technique, but the resonance 
peaks are observed by detecting changes in dc 
resistance of the sample. The phenomenon is 
in some ways similar to the Luxembourg effect; 
A convenient method of operation has been am- 
plitude modulation of the microwave power at 
260 cps, and observation of the 260-cps com- 
ponent of the sample resistance. The technique 
seems to yield a significantly better signal-to- 
noise ratio than the conventional method of ob- 
serving cyclotron resonance by detecting micro- 
wave power absorption. 

This “cross-modulation” phenomenon was 
first observed in a sample of very pure germa- 
nium (wt ~22) at 4°K. Low intensity light illu- 
mination was necessary to excite carriers in 
the sample. Cross modulation was observed by 
applying a small dc voltage (~0.2v) across a 
sample, and detecting the 260-cps resonance 
signal across a small series resistor. Subse- 
quently, we found that cross modulation could 
be just as easily observed in germanium by 
detecting the signal directly across the sample 
leads with no external de voltage applied. This 
is perhaps due to a modification of a photoelec- 
tromagnetic effect* by the cyclotron resonance. 
The cross-modulation phenomenon in germanium 
is mainly due to the “heating” of carriers by 
microwave resonance, and the change in dc mo- 
bility associated with this heating, though other 
effects may be important. 

Figure 1 shows a recorder trace of cyclotron 
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resonance cross modulation in germanium, as 
a function of magnetic field, with no external dc 
voltage applied. To indicate the complexity of 
the phenomenon, it should be mentioned that the 
appearance of a resonance as an increase or 
decrease in signal may be reversed by a small 
rotation of the sample, or even a slight change 
in light intensity. In addition to the usual re- 
sonances in germanium, several new ones, of 
somewhat lower intensity, have been detected. 
Some of these may be related to the quantum 
transitions discussed by Luttinger® and observed 
by Fletcher et al.* 

Cyclotron resonance cross modulation is also 
being studied in p-type InSb (p~4x10"*/cc). In- 
dication of resonance has been observed. How- 
ever, the peculiar magnetoresistance behavior 
of InSb at low temperatures introduces a com- 
plication in observing cyclotron resonance cross 
modulation. 


An understanding of the spectra observed in 
germanium and in p-type InSb will require fur- 
ther careful experimental study, including an- 
isotropy measurements. Experiments are also 
planned in other semiconductors. A simplified 
theory of the cross-modulation phenomenon has 
been developed and will be reported, along with 
more experimental details, in a later publica- 
tion. 


We wish to thank Dr. Laura M. Roth, Dr. B. 
Lax, and Dr. W. H. Kleiner for several stimu- 
lating discussions, and many of our colleagues 
at Lincoln Laboratory for supplying and pre- 
paring the germanium samples. We are grate- 
ful to Dr. H. J. Hrostowski for supplying the 
p-type InSb. 


“The research reported in this document was 
supported jointly by the Army, Navy and Air Force 
under contract with the Massachusetts Institute of 
Technology. 


‘Now at International Business Machines Corpora- 
tion, Poughkeepsie, New York. 
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2J. Lagnenaudie, Ann. Télécomm. 11, 132 (1956). 

3J. M. Luttinger, Phys. Rev. 102, 1030 (1956). 

4 Fletcher, Yager, and Merritt, Phys. Rev. 100, 
747 (1955). 
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is | DETERMINATION OF THE GAMOW-TELLER 
de BETA-DECAY INTERACTION FROM 
of THE DECAY OF HELIUM-61* 
the W. B. Herrmannsfeldt, R. L. Burman, 
P. Sthelin, t and J. S. Allen 
all Department of Physics, University of Illinois, 
ge Urbana, Illinois 
- and 
of T. H. Braid 
d. 


Argonne National Laboratory, 
Lemont, Illinois 


rved (Received June 23, 1958) 

1so The electron-neutrino angular correlation co- 
In- ; efficient has been measured for the negatron de- 
aw - cay of He® using the same apparatus’»? previously 
or employed to determine the angular correlations 
n- in the positron decays of A** and Ne’®. He® de- 
ross cays with a half-life* of 0.85 sec by beta-parti- 


cle emission to Li® with a maximum beta energy“ 
™ of 3.5 Mev and a spin change AJ = 1 with no 
change in the nuclear parity.* Thus, He® obeys 


od only the rules for allowed Gamow-Teller decay 
Iso and the angular correlation coefficient > should 
ied be either +3 or -3 corresponding, respectively, 
has to the tensor or axial-vector interaction. Our 
vith experimental result, A = -0.39 + 0.02, clearly 
ii indicates that the axial-vector interaction is 
dominant. 

The He® was produced by the reaction Be®(x,a) 
B. He®. The beryllium was in the form of powdered 
lu- BeO enclosed in a stainless steel tube which was 
les placed in a high flux of fast neutrons in the cen- 
“ tral core of the research reactor CP-5 at 
te- Argonne National Laboratory. Two porous stain- 


less steel filters running lengthwise down the 
tube allowed a carrier gas to pass directly 
through the BeO. Sulfur hexafluoride was used 
as the carrier gas because it could be frozen out 
easily by liquid nitrogen traps and then recircu- 
lated. The active gas was carried for a distance 
of about 40 feet through %-inch copper tubing from 
the top of the reactor to the basement. The He® 
gas was then separated from the carrier gas in 
the nitrogen traps and entered the source volume 
ra- of the spectrometer through a furnace in which 
chips of calcium metal were heated to about 
_ 500°C. The calcium trap was expected to remove 


ae any chemically active radioactive elements which 

tion: could have passed through the tubing, filters and 
nitrogen traps. The most likely contaminant was 

56). N’*, since this possibly could pass through the 

: calcium trap. This activity decays by negatron 


emission with a half-life of 7.4 sec and can be 








formed by the reaction O'*(n, p)N’®. Half-life 
measurements were made using a plastic scin- 
tillator placed in the source volume. A fast- 
acting valve, mounted between the source volume 
and the calcium trap, was used to seal off the 
source volume for the half-life measurements 
without affecting the flow of activity from the 
reactor. This system had the advantage that it 
avoided changing the background at the scintil- 
lator during the period in which half-life meas- 
urements are actually being made. The results 
of the measurements indicated a single activity 
with a half-life of 0.83+0.02 sec, in good agree- 
ment with the value 0.85+ 0.03 sec given by 
Rustad and Ruby.* When the temperature of the 
calcium trap was lowered, an impurity of sever- 
al percent was observed which appeared to be 
N**, When the trap was operated at the higher 
temperature, it was estimated that the activity 
of this impurity was less than 1% of the He® 
activity. An unsuccessful attempt was made to 
use finely powdered beryllium metal as a source 
of He®, with either propane or sulfur hexafluo- 
ride as a carrier gas. The propane decomposed 
very readily under neutron bombardment and the 
sulfur hexafluoride reacted explosively with the 
beryllium metal. Powdered BeO proved to be 
highly satisfactory, however, with SF, as the 
carrier gas, and the source was able to produce 
more He® than was actually used in the angular 
correlation measurements. 

The shape of the energy spectrum of ions re- 
coiling from the beta-decay of a nucleus depends 
on the angular correlation between the directions 
of emission of the beta-particle and the neutrino. 
Thus, in this experiment A was determined by 
making a simple measurement of this spectrum 
in a suitable spectrometer without the complica- 
tion of detecting the coincident beta-particle. 
However, the strength of the He® beta-activity in 
the source volume was monitored by the same 
scintillator as was used to determine the half- 
life. The pressure in the source volume was 
kept below 10 mm Hg so that the mean free path 
for the ions was long compared to the distance 
they had to travel through the source volume. 
The pressure in the rest of the system was less 
than 5x10~* mm Hg. 

The spectrometer consisted of two spherical 
electrostatic energy analyzers in series. A 
conventional Allen-type electron multiplier was 
used as the ion detector. A cylindrical dynode 
in the first stage of the ion detector was mounted 
in a special grid system which allowed an accel- 
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erating potential to be applied to the recoil ions 
just before they struck the first dynode. This 
potential was adjusted whenever the energy set- 
ting of the spectrometer was changed so that all 
recoil ions had an energy of 4400 ev when they 

hit the cylindrical dynode. The detection effi- 
ciency was tested with a lithium ion source and 
was found to be constant within instrumental 
error over the entire range of recoil energies. 

The ratio of the true effect to the background 
with this apparatus appears to be about 10% at 
maximum. Most of the background was caused 
by He® gas which drifted through the spectro- 
meter system into the ion detector before de- 
caying. A differential pumping system based on 
small apertures in the three focal planes of the 
spectrometers reduced the background to the 
level given above. This background was meas- 
ured by making half of each run with a repelling 
potential applied to a grid over the aperture 
from the source volume. The repelling potential 
was maintained at a sufficiently high level to 
stop all recoil ions from the beta-decay of He®. 

The experimental points for He® and the theo- 
retically predicted spectra for various values of 
the angular correlation coefficient A are shown 
in Fig. 1. The theoretical curves have been cor- 
rected for the Coulomb effect and for the finite 
resolution of the spectrometer system. The ex- 
perimental point on the steep right side of the 
spectrum was used to locate the experimental 
energy scale relative to the theoretically pre- 
dicted maximum recoil energy. The rest of the 
points between 700 and 1400 ev were used ina 
least-squares analysis to determine a value of A 
= -0.39+0.02. Each of the points used for the 
determination of A had about 10° true recoil 
counts, and an error of about 2000 counts. 

The points below 700 ev were not used in the 
least-squares analysis for two reasons. Firstly, 
as is readily seen in Fig. 1, the curves are not 
very sensitive to the value of A below this energy. 
Secondly, approximately 10% of the recoil ions 
are multiply charged,® and since the spectro- 
meters transmit a doubly charged ion of 1400 ev 
at the same energy setting as a singly charged 
ion of 700 ev this has the effect of increasing the 
number of counts at all energies below 700 ev by 
an amount which is not accurately known. The 
three points which are shown below 700 ev de- 
monstrate the effect produced by multiply charged 


recoil ions. 
At present, it is not known why our result 


differs from the expected value of -0.33 by more 
than the statistical error. Either the linearity 
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FIG. 1. The distribution of recoil ions observed in 
the decay of He® plotted as a function of the recoil 
energy R. The solid curves are the computed distri- 
butions for the tensor (7') and axial vector (A) inter- 
actions. Since the transmission of the spectrometer 
is proportional to the recoil energy, the probability 
function N(R) is shown multiplied by R. The dotted 
curve represents the best fit with the data. The ex- 
perimental points below 700 ev include the multiply 
charged ions. 


of response of the spectrometer-detector system 
or the presence of small amounts of an unde- 
tected impurity could be responsible. It has als 
been suggested that the phenomenon of producing 
multiply charged recoil ions may not be entirely 
energy independent. These possibilities are 
being investigated at the present time but they # 
not appear to offer any solution which could be 
checked in the immediate future. 

Figure 2 is a composite of the results of the 
experiments on A**, Ne’®, and He®. The curves 
represent the best fits with the data for each of 
the three beta decays with the vertical normal- 
ization corresponding approximately to equal 
activities in each case. Since these measure- 
ments were all made with the same apparatus i 
is very satisfying that the results are consistem 
with each other although the shapes of the ex- 
perimental curves vary from one which is 
sharply peaked at high recoil energies to one 
which is rather flat. 

The measurements strongly support an axial 
vector-vector interaction for nuclear beta-deci) 
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FIG. 2. The results of the A®*, Ne19, and He® ex- 
periments together with the theoretically predicted 
recoil energy spectra. The points shown are a re- 
presentative sample of the data actually used for the 
calculation of the results. 


in agreement with other recent results’ ® in 
quite different types of experiment. 

We wish to thank Dr. L. A. Turner, Physics 
Division Director at Argonne National Labora- 
tory for his interest in this work, and Dr. W. H. 
McCorkle, J. H. McMillen, and the staff of the 
CP-5 reactor for the provision of facilities for 
the experiment and assistance during its pro- 
gress. We also wish to thank J. T. Heinrich, 
who helped to build some parts of the apparatus. 
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EXPERIMENTAL OBSERVATION OF 
DOUBLE COULOMB EXCITATION * 
J. O. Newton! and F. S. Stephens 


Radiation Laboratory and Department of Chemistry, 
University of California, Berkeley, California 
(Received June 11, 1958) 


In regions of the periodic table where nuclei 
have large spheroidal deformations, it is well 
known that there are, associated with the ground 
states of even-even nuclei, rotational bands in 
which the members have spins and parities of 
0+ (ground), 2+, 4+, 6+, etc.’ The 4+ state be- 
longing to this rotational band can be Coulomb 
excited either by a direct £4 excitation or bya 
double E2 process via the 2+ member of the 
band.” (Other intermediate states can also give 
a contribution, but that from the 2+ state is like- 
ly to predominate.) When heavy ions are used as 
bombarding particles, the probability for the 
double E2 process is expected to become high, 
and to exceed considerably that for the £4 exci- 
tation. 

In order to observe double E2 Coulomb excita- 
tion, we bombarded thick targets of natural tung- 
sten with oxygen ions from the Berkeley heavy- 
ion linear accelerator. Natural tungsten consists 
almost entirely of three even-even isotopes W'*? 
w'**, and W'®°, and of the odd-mass isotope 
Ww’ in 14% abundance. These nuclei are known 
to be highly deformed and to have rotational 
bands. The gamma rays arising from the decay 
of the excited states were observed with 1 in. x 
13 in. diameter Nal (T1) crystals together with 
a 50-channel and a single-channel pulse-height 
analyzer. 

The pulse-height spectrum showed two broad 
peaks, having mean energies of 114 and 250 kev. 
The lower energy peak arises almost completely 
from the decay of the known first excited states 
of W'®?, w'**, and W!®®, which have energies of 
100.07 kev, 111.13 kev, and 122.48 kev, respec- 
tively.* We believe that the second broad peak 
arises from the decay of the 4+ to the 2+ states 
of the even-even nuclei, and from the decay of 
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the 292 kev level in* W’®*. The energies of the 
4+ to 2+ transitions in® W'*? and® W'** are 
known to be 229.07 and 252.8 kev, and that in 
w'** is expected to be about 280 kev. The inten- 
sity arising from the excitation of the 292-kev 
state in W'®* can be calculated from the meas- 
ed B(E2).* In order to verify that most of the 
250-kev peak was in coincidence with a transi- 
tion of about 114 kev, coincidence measurements 
were made with a resolving time 2 7T=10~ sec. 
The results indicated that at 66-Mev bombard- 
ing energy, essentially all the 250-kev peak 
was in coincidence with such a transition. 

The excitation functions for the two peaks 
were also measured using bombarding energies 
between 30 and 80 Mev. The excitation function 
for the 114-kev peak is shown in Fig. 1, where 
it is compared with a theoretical thick-target 
excitation function for exciting a state at 114 
kev.” The range-energy curves of Barrett’ were 
used in calculating the theoretical curve. The 
normalization of the curve to the experimental 
points is arbitrary; nevertheless, the experi- 
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FIG. 1. Yield of 114-kev radiation from natural 
tungsten as a function of oxygen ion (charge +8) en- 
ergy. The points are the experimental yields, and 
the line is thetheoretical curve for E2 excitation of a 
114-kev state in tungsten, arbitrarily normalized. 
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mental thick- target yield of (5.7+0.8) x 10° 
photons/ycoul. at 40+ 2 Mev bombarding energy 
is consistent with that of 5.8 x 10° photons /ucoul, 
calculated from the previously measured B(E 2) | 
values for the tungsten isotopes.*»? This corres. 
ponds to a cross section of 0.57 barn for the 
production of photons or, since the average con- 
version coefficient is about 2.3,” to an average 
cross section for exciting the 2+ states of about 
1.9 barns. It can be seen that the points deviate | 
from the theoretical curve by almost as much as 
a factor of two at the highest energy, which is 
close to that of the Coulomb barrier. The proces 
of Coulomb de-excitation, estimated from a 
naive point of view, is too small to account for 
this deviation. Such a deviation from the theore- 
tical curve at the highest energies is not parti- 
cularly surprising since the probability for ex- 
citation is so high that the pertu: bation method 
used in the theoretical derivation is hardly a 
valid procedure. 

The excitation function for the 250-kev radia- | 
tion is shown in Fig. 2. The calculated intensity | 
of the 292-kev gamma ray of W?®° is also shown, 
and this contribution has been subtracted from 
the experimental points before plotting. The re- 
sulting points are compared with an approximat 
theoretical excitation function for the double £2. 
process of the form? 





— 


One _p 3 (0 ~4)=aa" oF 9 (0 —2) Ong (2 -4), (i 
where a isa constant and 2ais the distance of 
closest approach in a head-on collision. It can | 
be seen that the agreement between this curve 
and the experimental points is good except at 
the highest energies where the points fall below | 
the curve. This deviation is rather similar to | 
that observed for the 114-kev peak, and it seem 
likely that the two are related. 

If the theory of double E 2 excitation were well 
established, we could in this case use it, togett- | 
er with the measured cross sections, to givea 
value for Bro (2-4). We could then seen wheth: | 
er that value was consistent with that expected 


from the theory of rotational states: 
' 
Bro (2-4) [=e it 18 | 


e-— @ 
35 





Br2(0~2) {(0200 | 20) 


Since the theory of double E 2 excitation is no 
yet well established, we shall use the reverse 
procedure and, assuming that relation (2) is % 
lid, compare our measured yield with that cal- 
culated from (1) using the theoretical value of 
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FIG. 2. Yield of 250-kev radiation from natural 
tungsten as a function of oxygen ion (charge +8) en- 
ergy. The light line is the theoretical yield curve 
for excitation of the 292-kev state in W183 using the 
Brg of reference 4. The heavy line is the theoretic- 
al yield curve for double £2 excitation in natural 
tungsten, arbitrarily normalized. The points are 
the experimental yields with 292-kev contribution 
from Wi8 subtracted. 


0.0272 for a.® Our yield of (1.10 +0.17) x 105 
photons/ycoul. at 40 +2 Mev bombarding energy 
comparés well with the value of 1.19 x 10° pho- 
ton/ucoul. obtained on the basis indicated above. 
This yield corresponds to an average cross sec= 
tion of 25 millibarns for the double excitation 
process. It should be noted here that in order to 
obtain this cross section from E 4 excitation, the 
Br4 would have to be about 5000 times the sin- 
gle-particle value.* This does not seem to us 
very likely. It appears then that the present 
theory of double £2 excitation is not seriously 
in error. 

We are grateful to Professor I. Perlman for 
dis continued interest in this work. We are 


greatly indebted to the staff and operating crews 
of the heavy-ion linear accelerator for their 
help and cooperation. 


*This work was performed under the auspices of the 

U. S. Atomic Energy Commission. ; 

At present on leave of absence from Atomic Energy 
Research Establishment, Harwell, England. 
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NATURE OF THE CURRENT REDUCTION 
IN THE PRIMARY COSMIC-RAY INTENSITY* 


M. A. Pomerantz, S. P. Agarwal, 
and V. R. Potnis 


Bartol Research Foundation 
of the Franklin Institute 
Swarthmore, Pennsylvania 
(Received June 20, 1958) 


The primary cosmic-ray intensity is now ap- 
preciably lower than in 1949-50.'~* This reduc- 
tion in the measured flux might be ascribed to 
any of the following phenomena: 

(1) Some primary cosmic rays having mag- 
netic rigidities above the geomagnetic cutoff are 
missing at high latitudes because a sharp cutoff 
mechanism, which imposes a minimum magnetic 
rigidity requirement higher than does the earth’s 
field, is now operative. 

(2) The energies of all primary rays are 
being degraded by a deceleration mechanism, so 
that particles previously at the bottom of the 
allowed spectrum are now cut out by the terres- 
trial magnetic field. 

(3) An attenuation of cosmic rays of all ener- 
gies is now being produced by some type of 
screening action. 
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To gain further insight into the nature of the 
mechanism, it is important to investigate these 
alternatives. As a preliminary first step, a 
series of simultaneous balloon flights was con- 
ducted recently at Swarthmore, Pennsylvania 
(geomagnetic latitude 52°N), and Durham, North 
Carolina (geomagnetic latitude 48°N). The ex- 
perimental details have already been described 
in previous publications.* 

The intensity vs altitude curves obtained at 
geomagnetic latitudes 52°N and 69°N, respect- 
ively, in 1949-50 (Fig. 1) had shown that parti- 


22 T ¥ T r r v 





20F VERTICAL QUADRUPLE COINCIDENCES 


75 CM PB ABSORBER 







i8F 1949-1950 
A-69°N 


14F 1949 -1950 
A=S2° 6 


COUNTS PER MINUTE 


| tty 
Heer 


G+ GEOMAGNETIC LATITUDE 52°N 
SWARTHMORE, PENNA 
@ Combined Dota — 3 Flights 
6 30 April 1958 
| Mey 1958 
2 Mey 1958 


4+ GEOMAGNETIC LaTiTUDE 4e°N \ 
DURHAM, N.C. N 
% Combined Doto - 4 Flights 
2h 29 Apri 1956 
30 April 1958 
| Mey 1958 
2 Mey 1956 
A ‘ 








—~ 


4 4 
' 2 5 10 20 50 





. rn 4 
100 200 500 1000 


ATMOSPHERIC PRESSURE - MM OF HG 


FIG. 1. Variation of vertical counting rate with 
atmospheric pressure for particles having residual 
ranges exceeding 7.5 cm of Pb at geomagnetic lati- 
tudes 69°N and 52°N in 1949-1950, and 52 N and 48°N 
in 1958. 


cles having magnetic rigidities below that re- 
quired for entrance at 52°N were present in the 
incoming cosmic-ray beam. Although the evi- 
dence then available indicated that the primary 
energy distribution dropped off at the low end, °® 
it was not necessary to invoke the existence of 

a sharp cutoff to account for the results.® Now, 
however, the low-energy cosmic rays which 
were present previously are not reaching the 
earth. 

The 1958 curve at 52°N merges with the corre- 
sponding 1949-50 curve at atmospheric pres- 
sures somewhat in excess of 200 mm of Hg, 
close to the altitude below which the 1949-50 
data for 52°N and 69°N become indistinguishable. 
This is consistent with the tentative hypothesis 
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See 









that, for the most part, only the lowest energy 
particles, i.e., those close to the geomagnetic 
cutoff, are being prevented from entering the 
earth’s atmosphere at present. } 
Figure 1 shows that the primary intensity at 
Durham is now identical with that at Swarthmore 
(see Table I). This is to be expected only if a 





TABLE I. Summary of data obtained above 65000 
ft (> 58gcm *) in the 1958 Swarthmore-Durham , 
series of simultaneous balloon flights. Uncertainties 
indicated are statistical standard derivations. 





Swarthmore, Pa. Durham, N. C. 





Date A=52° N A=48N 
April 29 Flight unsuccessful 9.9 +0.5 ! 
April 30 10.3 +0.4 10.5 +0.5 
May 1 10.1 +0.3 9.8 +0.3 
May 2 10.2 +0.3 10.1 +0.3 
Average 10.2 +0.2 10.0 +0.2 





} 
sharp cutoff which produces a true latitude knee 
is operative, as a consequence, for example, of 
the presence of a static magnetic field which 
imposes a higher minimum magnetic-rigidity 
requirement for entrance to the earth at these 
locations than does the terrestrial magnetic 
field. 

If, on the other hand, magnetized clouds or , 
other modulating medium were reducing the in- 
tensity of most of the cosmic rays, or were de- 
grading the energy in a deceleration process, 
then the intensity near the “top of the atmos- 
phere” over Durham should have been 33% lower 
than that at Swarthmore, assuming a magnetic- 
rigidity spectrum of the type J(>pc/Ze) 
=K(pc/Ze)7**'. 

Our observations of time changes in the pri- 
mary cosmic radiation are in agreement with 
those of Winckler and Peterson.” We have fur- 
ther observed that the general trend reported by 
them has subsequently continued downward in 
1958. On the basis of their experiments, it was 
not possible to distinguish between a cutoff ef- 
fect and a general decrease of all higher rigidi- 
ties. However, determinations of the a -parti- 
cle flux and energy spectrum on May 17, 1957 
by Freier, Ney, and Fowler’ showed that, al- 
though the large reduction in the total intensity 
of cosmic rays at high altitude is accompanied 
by a decrease in the a-particle component, tht 
change occurs throughout the spectrum. Both 
low- and high-energy a particles were reduc# 
in intensity, but some low-energy particles sti 
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arrived. Before attempting to compare this 
conclusion with that of the present experiment, 
which relates principally to protons, the char- 
acter of the time variations which were occur- 
ring during the period of the Minnesota emulsion 
exposure should be considered. 

Although the present intensive flight program 
did not commence until July, 1957, the meas- 
urements then indicated great variability, char- 
acterized by a 28-day recurrence tendency 
which, however, persisted only until November.’ 
Thereafter, a more or less slow steady down- 
ward trend was observed, culminating in the 
lowest intensities during the Durham-Swarth- 
more series of flights. Figure 2 exemplifies the 
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FIG. 2. Time changes of counting rates at very 
high altitudes during August-September, 1957. The 
28-day recurrence tendency was followed through 
four cycles. The shaded band represents the corres- 
ponding 1949-1950 rate +1 standard deviation. 


variable state of affairs during the middle of 
1957. It is necessary to exercise extreme cau- 
tion in concluding whether or not the effect of 
the modulation mechanism differs for protons 
and a particles. For it is entirely possible that, 
at the time of the a-particle exposure, different 
conditions prevailed, and the protons might 
then not have exhibited a sharp cutoff either. 
Meyer and Simpson® have previously reported 
a shift in the intensity vs latitude curves, meas- 
ured with neutron monitors carried by aircraft, 
as a function of the level of solar activity. 
Neher® has also demonstrated that the correla- 
tion of cosmic-ray intensity with solar activity, 
discovered by Forbush, '° is especially marked 
in the case of low-energy primaries, as meas- 











ured with balloon-borne integrating ionization 
chambers at high latitudes. It must be borne in 
mind, however, that widely dissimilar techni- 
ques have been employed in the various experi- 
ments on latitude and time variations. This 
could introduce significant differences in detail . 
in comparisons among the results. 

Although space limitations preclude a discus- 
sion of the implications of these results with 
respect to the various modulation mechanisms 
which have been proposed, it is important to 
note that the effect is characterized by a state of 
quasi-equilibrium. This is indicated by the fact 
that the time variation (as observed with our 
balloon-borne instruments) is relatively slow. 
During the period January to May, 1958, the 
primary intensity has decreased from 80% to 
70% of the 1949-50 value. Thus, if the cutoff is 
produced by static interplanetary magnetic fields 
associated with stuff ejaculated from the sun, it 
is necessary to account for the long effective 
lifetime and relative constancy despite rather 
significant fluctuations in the observed solar and 
geophysical phenomena. Similar considerations 
apply to magnetic fields on the sun. A sharp 
cutoff of low-energy cosmic rays emitted by the 
sun could not be expected to result from the 
action of local magnetic fields such as those 
associated with sunspots. However, sufficient 
enhancement of the effective solar magnetic 
moment would produce the observed result. 

We are grateful to Duke University for the 
hospitality accorded us, and wish to thank the 
Duke Physics Department, especially Professor 
Walter M. Nielsen, for very considerable help 
with the balloon-flight operations at Durham. 


“assisted by the joint program of the Office of 
Naval Research andthe U. S. Atomic Energy Com- 
mission, and by the U. S. National Committee for the 
International Geophysical Year through the National 
Science Foundation. Field operations sponsored by 
the National Geographic Society. 
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GAMMA TRANSITIONS IN 
SELF-CONJUGATE NUCLEI" 


E. K. Warburton 
Princeton University, Princeton, New Jersey 
and 
Brookhaven National Laboratory, Upton, New York 
(Received June 17, 1958) 


In a recent paper, Morpurgo’ has shown that 
the rule “M1 transition strengths between levels 
with the same T in self-conjugate nuclei are ex- 
pected to be on the average weaker by a factor 
100 than the average normal M1 transition 
strengths” may be expected to hold. This rule 
is shown by Morpurgo to follow directly from 
the general matrix element for M1 gamma 
transitions with the isotopic spin formalism in- 
cluded. 

It is the purpose of this note to point out that 
the inhibition shown by Morpurgo for M1 tran- 
sitions may be expected to hold for magnetic 
transitions in general. The matrix element for 
a gamma transition in a self-conjugate nucleus 
between a state with quantum numbers TJm and 
a state with quantum numbers T’J’m’ is? 


(T’ I’m’ | ni TJm) 
=4(J'm'| ie (neutron) (1) 


+ ilk (proton) |Jm), 


where TM is the electric or magnetic operator. 


Apart from small differences due to the effects 
of core motion, the magnetic operator for a 
transition of multipolarity L, M;”@=m,™ (neu- 
tron) +(1)7+7' mu yu! (proton), is proportional to 
Uy + (-1) T+T" [uy + G/(L+1)], where Gis a 
model-dependent statistical factor? which arises 
from the contribution of the orbital angular 
momentum of the proton. We obtain an order of 
magnitude estimate of the inhibition of magnetic 
transitions with AT=0 relative to those with 
AT=1 (for which the normal transition strength 
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is expected) in self-conjugate nuclei by taking 
the square of the ratio 
utH,+ G/(L +1) 0.88 + G/(L +1) 


H,= By OE 1) -a70-c/7La1)* St 








The statistical factor G has values between ~-10 | 


and ~5 for most cases of practical interest and 
has a statistical mean near -1, which is its 
value for |J’-J'!=L. The order of magnitude 
of the inhibition from Eq. (2) varies then from 
~(0.38/-4.20) = 0.8x10~ for L=1 to ~(0.88/ 
-4.20)? = 3.5x10~? for L very large. 

As pointed out by Morpurgo, the modified 
Weisskopf estimate implied above for magnetic 
transitions with AT=0 in self-conjugate nuclei 
is an average value and large fluctuations in its 
value should be expected. 

It is interesting to note that if it is generally 
valid to take into account the collective contri- 
bution of the core to electric quadrupole or 
octupole transitions by endowing® the particle 
(whether neutron or proton) making the transi- 
tion with an additional charge ae, then collect- 
ive contributions in self-conjugate nuclei are 
expected to be negligible for transitions in which 
AT =1. This rule follows directly from Eq. (1): 
if the neutron is assumed to have a charge ae 
and the proton a charge (1 + a)e, then Q,!@ 
(neutron) + (-1)7+7" Q,™ (proton), where Q;™ 
is the electric operator of order L, is closely 
proportional to ae+(-1)7*+7 (1 +a)e. There- 
fore, for AT =1, the matrix element for an 
electric quadrupole or octupole transition in a 
self-conjugate nucleus is proportional to e 
rather than to (1+2a)eas it is for AT =0, and 
the introduction of the effective charge ae pro- 
duces no enhancement of the transition. 


*Under contract with the Atomic Energy Commis- 
sion. 

1G. Morpurgo, Phys. Rev. 110, 721 (1958). 

2 The notation used in this note follows that of J. M. 
Kennedy and W. T. Sharp, Chalk River Report CRT- 
580, October, 1954 (unpublished). 


3See J. P. Elliott and B. H. Flowers, Proc. Roy. 


Soc. (London) A242, 57 (1957). 





LARGE-AMPLITUDE HYDROMAGNETIC 
WAVES ABOVE THE IONOSPHERE 
A. J. Dessler 


Lockheed Missile Systems, Palo Alto, California 
(Received May 21, 1958) 


It has been shown that the earth’s dipole field 
is probably confined within a distance of six to 
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ten earth radii.'»? The dipole field is termina- 
ted at about this distance due to the relative 
motion of the earth and the ionized coronal gas. 
Variations in the density or velocity of the coro- 
nal gas will generate hydromagnetic waves at 
the edge of the earth’s dipole field which will be 
propagated downward and may be observed at 
the surface of the earth as fluctuations in the 
geomagnetic field. 

Figure 1 shows the calculated hydromagnetic 
wave velocity vs altitude. Arguments for the 
ion density values used in the calculation of this 
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FIG. 1. Hydromagnetic wave velocity vs altitude 
above the surface of the earth. The hydromagnetic 
wave velocity in mks units is given by v= B/up2 where 
B = magnetic field strength and p = density of ions. 
This expression applies for both longitudinal and 
transverse hydromagnetic waves for the conditions 
existing above the ionospheric region. Bat the sur- 
face of the earth is taken as 3x1075 webers/meter’ 
(0.3 gauss) for this graph. 


curve are given in another paper.® It is to be 
noted that there are two regions where the wave 
velocity changes very rapidly with altitude: (1) 
at about 1000 km where the atmospheric density 
and, therefore, the ion density begin to increase 
exponentially downward; (2) below about 200 

km where the ion density begins to decrease 
markedly downward. The decrease in ion den- 
sity causes the wave velocity to rise to 3x10° 
meter/second below the 100-km level. Also, 


below about 200 km, the collision frequency be- 
tween ion and neutral particles increases to the 
point where the hydromagnetic waves will be 
damped. 


Thus, there are two regions (one near 1000 
km and one below 200 km) where downward 
traveling hydromagnetic waves will be reflected 
or attenuated before they reach the earth’s sur- 
face. Therefore, it may be concluded that hy- 
dromagnetic waves above the ionosphere have 
an amplitude greater than the geomagnetic fluc- 
tuations they produce at the surface of the earth. 
Crude estimates of the total effective transmis- 
sion coefficient show that it is not unreasonable 
to expect hydromagnetic waves above the iono- 
sphere to have an amplitude of the order of 10? 
times the amplitude of geomagnetic fluctuations 
observed at the earth’s surface. This implies 
that on an average magnetically disturbed day, 
hydromagnetic waves with an amplitude of the 
order of 10~* gauss are present between about 
1000 km and six earth radii. 


It is suggested that these large-amplitude hy- 
dromagnetic waves are responsible for produc- 
ing the high-intensity particle radiation observed 
above about 1000 km by Van Allen et al.* Large- 
amplitude hydromagnetic waves will develop 
sharp crests which will enable them to accele- 
rate particles effectively by the Fermi type ac- 
celeration process.* The relatively low radia- 
tion density below about 1000 km is explained in 
terms of the expected exponential increase in 
atmospheric density® below this level. 


The ideas presented in this letter have been 
developed in much greater detail for a paper 
which is scheduled to appear in the September 
issue of the Journal of Geophysical Research. 








I wish to thank F. S. Johnson and E. N. Parker 
for helpful discussions in the preparation of this 
letter. 
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SEMIPHENOMENOLOGICAL THEORY OF =* 
HYPERON-PROTON SCATTERING 
UP TO 150 Mev * 


R. A. Bryan, J. J. de Swart, and R. E. Marshak 


University of Rochester, Rochester, New York 


and 
P. S. Signell 


Bucknell University, Lewisburg, Pennsylvania 
(Received June 16, 1958) 


Two of the authors’ have found a semiphenom- 
enological potential which gives an excellent fit 
of all the proton-proton scattering data up to 150 
Mev, including the recent triple scattering ex- 
periment at 150 Mev.” The semiphenomenological 
SM potential is compounded out of the “pion - 
theoretic” Gartenhaus potential and a phenom - 
enological short-range, attractive, spin-orbit 
potential whose meson origin is still obscure.° 
One interesting feature of the SM potential is 
that substantial modifications can be made in 
the cores for the various states (except the S 
state) without hurting significantly the fit with 
the scattering data. From this observation, we 
draw two conclusions: (1) the SM potential can- 
not make reliable predictions concerning bound 
states, and (2) the properties of the SM potential 
which determine the scattering predictions in 
the energy region under consideration are to be 
ascribed to the pion field and will not be much 
affected by the details of the K-meson field. 

If we accept conclusion (2) above and further 
assume that the coupling of the pion to the 2 
hyperon has a strength equal to the pion-nucleon 
coupling, * it follows that the SM potential can 
be taken over directly for the £*-p system. In- 
deed, it can be shown quite generally that the 
existence of a universal pion-baryon coupling 
(and neglect of the K-meson coupling) implies 
that the D-nucleon interaction in the T= 3/2 
“T is the isotopic spin) state is identical with 
the nucleon-nucleon interaction in the T=14 
state. ° One point to be kept in mind is that the 
Pauli exclusion principle does not apply to the 
=-nucleon system so that the T=1 nucleon- 
nucleon potential is to be used for both even and 
odd parity states of the T=3/2 =-nucleon system. 
In order to compare directly with experiment, we 
confine our attention to = *- p scattering which 
necessitates the inclusion of the Coulomb field 
(without antisymmetrization as for p -p scatter- 
ing). 
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We have computed the differential cross-sec- 
tion o(@) and the polarization P(é@) for 2*-p 
scattering on the basis of the SM potential at 
three energies for =* in the laboratory system— 
40, 100, and 150 Mev. In carrying out these com- + 


putations (with the SM IBM-650 program), it 
has been necessary to cut off the deep triplet 
central potential ® in the even parity states. With- 
out cutoff, the @S, +°D,) state of the 2*-p sys- 
tem is strongly bound (by more than 200 Mev ). 
There is no evidence for sucha strongly bound ’ 
state and indeed no real evidence that there is 

a bound state at all for the £*-p system.” Under 
these circumstances, we have determined the 

(zero) cutoff for the triplet even central poten- 
tial so that the binding energy of the *S, state is 
exactly zero®, we find pvc = 0.335. We have then 





~~ 














applied this cutoff to the total SM potential in the = 
triplet even states. The results for the £*-p 30 
cross sections are shown in Fig. 1. The =* po- 
larizations are shown in Fig. 2. The phase shifts | 
, the 
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FIG. 1. Differential cross sections for £*-p scat- = 


tering at 40, 100, and 150 Mev in the laboratory sys- 
tem. 


are listed in Table I. In order to assess the sen- | 1 
sitivity of o(@) and P(@) to the binding energy of 1 
the (°S, +°D,) state, we have redone the calcula- 
tions for ur ,=0.285 (corresponding to approx- 





imately 10-Mev binding) and for pr, =0.385 — 
(corresponding to a “virtual” state at about 10 
Mev ). We find that within these plausible limits 1 
on the binding energy, the o(@) and P(é@) are rT 


changed in magnitude by a maximum of about 
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FIG. 2. Polarization functions for =*-p scattering 
at 40, 100, and 150 Mev in the laboratory system. 


30% at the three energies and in shape by lesser 
amounts. We have also examined the dependence 
of the*S, phase shifts at the three energies on 
the type of cutoff (it is not expected that the high- 
er triplet even phase shifts would depend on the 
cutoff and they do not); we find that a repulsive 
rather than a zero cutoff does not significantly 
alter the *S, phase shifts as long as the (“posi - 
tive” or “negative”) binding energy of the 
(°S, +*°D,) state stays below 10 Mev. If it actu- 
ally turns out that the (*S, +°*D,) state of the 
>*-p system is strongly bound or “unbound”, 
the large *S, phase shifts will change appreciably 
and so will o (@) and P(6). In order to allow for 
this possibility we have included Table I wherein 
essentially all phase shifts except the *S, are 
fixed uniquely by the p-p potential and “global 
symmetry”. 

The peaking of o(@) in the forward direction 
and to a lesser extent its magnitude should be 
capable of experimental check. It will be more 
difficult to measure P(@), which can in principle 


be determined by measuring the up-down asym- 
metry (with respect to the normal to the 5*-p 
scattering plane) of the 7* resulting from the de- 
cay of the * and knowing a (the intrinsic asym- 
metry factor characterizing the decay). If a is 
small— as seems indicated by recent experi- 
ments *® with 5~—P(@) will be hard to measure. 
As a minimum, it would be worthwhile to test 
our predictions concerning o(@) (or more pre - 
cisely all except the 3S, phase shifts) since it is 
not at all evident that the pion-baryon coupling 
is universal/° If this “global symmetry” were 
actually established by some other means, com - 
parsion between theory and experiment for =t-p 
scattering below 150 Mev should throw light on 
the binding of the (@S, +5D,) state of the 2*-p sys- 
tem and consequently on the K-meson contribu- 
tion to the core of the xp potential in triplet 
even states. 
* This work was supported in part by the Internation- 

al Business Machines Corporation. 

‘Pp. s. Signell and R. E. Marshak, Phys. Rev. 106, 
832 (1957) and 109, 1229 (1958); this potential has been 


referred to as the SM potential, and we shall continue 
this practice 


2 A. E. Taylor and co-workers at Harwell have meas- 
ured the D function at 150 Mev (private communica- 
tion); the SM potential predicts the correct D function 
whereas the phenomenological potential of J. L. Gam- 
mel and R. M. Thaler [Phys. Rev. 107, 291 (1957)] 
does not. 

* See S. Okubo and R. E. Marshak, Ann. Phys. (to 
be published). R. T. Sharp has recently derived a 
spin-orbit potential from pion theory which bears a 
strong resemblance to the SM spin-orbit potential 
(private communication). 

4See E. P. Wigner, Proc. Natl. Acad. Sci. U. S. 

38, 449 (1952); J. Schwinger, Ann. Phys. 2, 407 
(1957); and M. Gell-Mann, Phys. Rev. 106, 1296 
(1957). 

5 See D. B. Lichtenberg and M. H. Ross, Phys. Rev. 
103, 1131 (1956) and 107, 714 (1957); also N. Dallapor- 
ta and F. Ferrari, Nuovo Cimento 5, 111 (1957). The 


TABLE I. Phase shifts: ae scattering (zero cutoff for triplet even potential to 1+, =0.335). 














28s 2 BS SS GS i oD Om lm Um Um 
40/49.5 10.5 0.9 0.1 00 O00 94 -6.9 -0.8 -0.1 0.0 0.0 
100 |32.2 22.1 3.9 0.8 0.2 0.0 17.9 -15.0 -4.0 -0.8 -0.1 0.0 
I 150 | 22.6 26.6 64 1.7 0.5 0.1 17.5 -18.4 -6.7 -1.8 -0.4 -0.1 
E|*S, *D, €, ‘°P,, °F, €2 ‘Ds €, °Fy “Hy € “Gy “Ks 
40 |74.8 -0.7 -2.7 69 -0.2 -5.4 1.0 : -2.2 0.1 0.0 -0.8 +0.0 0.0 -0.2 
100 |60.1 -1.8 -1.6 16.0 -1.4 -10.7 5.4 -0.3 -5.9 1.2 -0.1 -2.7 0.3 0.0 -0.8 
-1.8 0.9 19.5 -12.3 9.9 2.8 -0.3 -4.9 0.9 -0.1 
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mass difference between the hyperon and the nucleon is 
disregarded in deriving the potential but not in the 
kinematics. 

6 See Fig. 5 of the second SM paper, reference 1. 

t See R. H. Dalitz, Reports on Progress in Physics 
(The Physical Society, London, 1957), Vol. 20, p. 163. 

8 Taking account of the admixture of *D, with *S; 
should not appreciably modify the cutoff, since the ten- 
sor force is small compared to the central part of the 
SM potential. 

3See M. Gell-Mann and A. Rosenfeld, Annual Review 
of Nuclear Science (Annual Reviews, Inc., Stanford, 
1957), Vol 7, p. 407. 

10Some preliminary evidence comes from a study of 
the reaction K +p [see A. Fujii and R. Marshak, 
Nuovo cimento (to be published)]; other arguments are 
given in M. Gell-Mann and A. Rosenfeld, reference 9, 
and A. Pais, Phys. Rev. 110, 574 (1958). 











OPTICAL MODEL POTENTIAL AT THE 
NUCLEAR SURFACE FOR THE 
ELASTIC SCATTERING OF ALPHA PARTICLES * 
George Igo 
Los Alamos Scientific Laboratory, 

Los Alamos, New Mexico, and 
Stanford University, Stanford, California 
(Received June 9, 1958) 


The elastic scattering of 18 -Mev alpha par- 
ticles from argon, * 40-Mev alpha particles from 
copper,” and 48-Mev alpha particles from lead*® 
has been analyzed in terms of the optical model. 
A radial nuclear potential‘ (V+ i W)/{ 1+exp 
(r-r,/d)}and a radial charge distribution p (r) 
of the form 5 


p(r) ~ 1-4 exp[n(r/r,-1)], r< 7% 
~ 2 exp [n(1 - 7/r,.)],r<% 


have been employed. This method of analysis is 
by now very familiar and will not be described 
here.® 

In previous work® we have mainly tested the 
family of nuclear potentials generated by chang- 
ing V and W while keeping »% and d equal to 
1.37A!/* + 1.30 and 0.5 fermis, respectively 
(1 fermi=10~“cm). We had found best average 
values of Vand W to be about -45 Mev and 
-10 Mev for all elements considered at bombard- 
ing energies of 22’ and 40 Mev? ® Cheston and 
Glassgold® have pointed out that is is probably 
possible to fit the data with potentials resulting 
from other values of ry, and d. 

The family of nuclear potentials which can be 
generated by changing all four parameters was 
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employed in the present analysis. Since the aver- | 
age time to calculate an angular distribution for 
one set of parameters is about 12 minutes, it 
was necessary to restrict the number of angular | 
distributions to be analyzed. Three angular dis- 
tributions were chosen to represent the main 
characteristics of the elastic scattering of alpha 
particles from nuclei; the monotonic decrease 
with increasing angle found in the heavy-element 
distributions, the diffraction structure in the 
light-element distributions, and the variations, 
associated with changing the kinetic energy of 
the alpha particle. Approximately 100 different 
sets of the four parameters were tested for each 
of the three angular distributions. 

Only very broad restrictions can be placed on 





















each parameter. However, it is found that the , t 
parameters are important only so far as they 1 
combine together to determine the surface of the dl 
potential, i.e., where the potential is > -10 Mev. fe 
Table I lists the parameters for the best poten- 7 
tials obtained. Figure 1 shows a plot of the mag- | . 
nitude of the real part of the best nuclear poten- } : 
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TABLE I. The parameters in the nuclear potential, (V +7 W) /{i+exp[(r-7,)/d]}, obtained from this 








analysis. 
Kinetic energy V Ww Yo d 
Element of the alpha 

particle (Mev) (Mev) (Mev) (fermis) (fermis) 
A 18 -87 -15 5.37 0.6 
A 18 -40 - 8 6.05 0.5 
Cu 40 -110 -20 6.30 0.5 
Cu 40 -49.3 -11 6.78 0.5 
Cu 40 -19 -13 7.22 0.5 
Pb 48 -35 -15 8.71 0.6 
Pb 48 -15 -10 9.30 0.6 




















tials as a function of radial distance for copper. 
These have one feature in common: the tails of 
the potentials are almost identical. The potential 
for V=-19 Mev deviates from the other two at 
~7 fermis. This is in accord with the results of 
a least squares analysis which has been em- 
ployed to judge the goodness of fit. The sum of 
residuals for the V=-19 Mev potential is five 
times as great as the best of the other two. When 
other potentials which yield poorer fits are 
plotted, they deviate markedly in the region be- 
yond 7 fermis from the three potentials in Fig. 

1. These statements apply to the argon and lead 
analyses as well as the copper analysis. 

When the nuclear surfaces obtained from the 
analysis of each element are compared, they 
are found to be identical within the limits of the 
accuracy of the analysis. In addition, the radial 
distance out to a point where the potential has a 
certain value in the range of 0 to -10 Mev fol- 
lows an A?/® law and consequently the surface of 
the real part of the nuclear potential can be re- 


presented as 
r= 1.17 A¥3 
0.574 


-1100 exp 
for values > -10 Mev, with y in fermis. The 
radial parameter, 1.17A1/8 fermis, is larger 
than the radial parameter for the charge distri- 
bution, *° and the surface thickness parameter, 
0.574 fermis, is slightly larger than that of the 
charge distribution. 

The corresponding imaginary potentials also 
agree in shape and quite closely in magnitude at 
the nuclear surface because the family of poten- 
tials chosen are such that real and imaginary 
parts have the same shape. The magnitude of the 
imaginary part is always large enough so that 
the central part of the nucleus is opaque. For 
instance, in the copper analysis the reaction 





Mev 





cross sections are 1711, 1708, and 1731 mb. 
The average value, 1717 mb, corresponds toa 
comparatively large area, 7.4 fermis in radius. 
Measurements of the total reaction cross sec- 
tions of heavy elements would be useful in de- 
lineating the imaginary part of the potential 
more precisely. 

It is concluded that alpha-particle elastic 
scattering experiments in the energy range 18 
to 50 Mev are very sensitive to the surface of 
the nuclear potential, i.e., where the real nu- 
clear potential is > -10 Mev, but yield no in- 
formation about the central part of the nuclear 
potential. The parameters which enter this an- 
alysis are important only insofar as they affect 
the surface of the nuclear potential and not at all 
as to how they affect the central real part of the 
neuclear potential. Further work is under way to 
study other families of potentials in which the 
real and imaginary part are not necessarily of 
the same form at the nuclear surface. 

The author wishes to thank Dr. D. L. Hill, Dr. 
A. E. S. Green, Dr. K. W. Ford, and Dr. C. E. 
Porter for their continued support and interest 
in the program. 


*Work performed under the auspices of the U. S. 
Atomic Energy Commission and the Office of Naval 
Research. 
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ASTATINE BEAM SOURCE 


NUCLEAR SPIN OF ASTATINE-2111 as 
FIG. 1. Astatine beam source. va 

H. L. Garvin, T. M. Green, E. Lipworth ne 
Radiation Laboratory, University of California, tron bombardment to approximately 700°C (Fig. a 
Berkeley, California, 1). The astatine-iodine mixture was introduced - 

and into the platinum tube through a slow leak. The | re 

W. A. Nierenberg oven vial and associated glassware were main- -" 

Miller Institute for Basic Research in Science, tained at a temperature of approximately 100°C > - 


University of California, Berkeley, California to prevent absorption of the active material in 
(Received June 12, 1958) the glass. With this arrangement, a 70% to 804% 
dissociated beam of astatine atoms was obtained. 
The beam was collected upon buttons coated 


« ith eva d sil d det b ti 
In 1940 Corson, Mackenzie, and Segre isolated WER CUEDUDINER GTEr San CHNEER Ap Seunty 
tenets 1 t wh eiiians sheehens the decay a particle in continuous-flow propor- ' 
a radioactive element whose chemical, physica then’ eounhous. 


and nuclear properties established it to be ele- top 
d in this expe 
ment 85, the last of the halogen group.’ This wae ee eee » eapersmen: 5 he due 


wh 


atomic-beams “flop-in” technique due to 





element, which does not possess a stable iso- : fre 
tope, was named astatine.? This note reports a Zacharias.” The agpesenes used has been de- I 
measurement of the nuclear spin of one of the scribed elsewhere. | hav 
astatine isotopes, the 7.2-hr At?"’, by the meth- In astatine the electronic configuration is 67° 2.8 
od of atomic beams. This measurement consti- and Hund’s rule predicts that the ground elec- ces 
tutes the first direct spin determination of an tronic state is ?P, /2 With this configuration and Fig 
isotope, having no stable counterpart, whose half- a nuclear spin J] > 0, there are, with normal fiel 
life is measured in hours. It is of interest to ordering of the hyperfine levels, two observable one 
note that each run was made with approximately “flop-in” transitions. These are = 
10*° atoms of At". The At?"’ was produced by the 
an (a, 2n) reaction on a bismuth target in the of i 
Berkeley 60 in. cyclotron. A bombarding energy (F=I+ %, M p= ~I+4)—(F=1+4, al -I- 9), and 
of 29 Mev was employed to preferentially pro- con 
duce At?"! free of At”*°. The astatine was sepa- ant | butt 
rated from the target by evaporation; the target rec 
was heated to 700°C in air and the astatine col- (F=1+ 3, M ,=-I+ 2) - (F=1+3, M = ~I+ 4), stoy 
lected upon a platinum foil. In order to produce | befe 
an atomic beam, it was found necessary to mix where F is the total angular-momentum quantum ordi 
the astatine with a natural carrier, and iodine number of the atom, / the nuclear spin quantum exp) 
was chosen because of the similarity of its number, and M; the projection of F along the cow 
chemical properties to those of astatine. The direction of quantization. If gy is the g factor of sist 
platinum foil was placed in an evacuated flask the particular F level in which a transition is spin 
with approximately 200 mg of iodine and heated observed at frequency V, in a magnetic field 4, tope 
to drive off the astatine. An intimate mixing of we have nan¢ 
the astatine and iodine was ensured by distilling by u 
the mixture several times from one end of the liter 
vial to the other. The atomic beam of astatine V =g HoH , (1) At 
was produced by thermal dissociation of the oll lla & =12 
At-I complex in a platinum tube heated by elec- where }, is the Bohr magneton and his Planck’s = 82 
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constant. For a?P, /, electronic state, 


Bpz_ 4 (pe a} 
F=a7y3 (F=1+ 9), 


21+9 (2) 


= 4 
@rxi)@re3) \F=/+ 2) 


wht 


4 
So 


assuming pure Russel-Saunders coupling and 
vanishing nuclear magnetic moment. The mag- 
netic field H is determined by observing a tran- 
sition in an isotope of known spin. In this exper- 
iment a beam of Cs*** was employed. For Cs**, 
lis 1, J = 4, and (at moderate fields) for the 
transition (F = 4, Mp = -3)~ (F=4, Mp= -4), 
we have, at a given field H, 


V Vas = 42.) (3) 


where Vcg is the observed cesium frequency. 

In order to determine the nuclear spin of an iso- 
tope, it is only necessary to search for a signal 
due to the isotope of unknown spin at the discrete 
frequencies determined by (3). 

In the case of At*"', both “flop-in” transitions 
have been observed at three different fields of 
2.86, 5.71, and 8.56 gauss, corresponding to 
cesium resonance frequencies of 1, 2, and 3 Mc. 
Fig. 2 exhibits two resonances observed at a 
field of 8.56 gauss. The resonance (qa) is the 
one observable “flop-in” resonance in the state 
F=1+ 4; (8) is the corresponding resonance in 
the state F = 1+ 4. Despite the intimate mixing 
of iodine and astatine, the beam was not steady 
and varied irregularly with time. In order to 
compensate for this variation, the resonance 
button signals were normalized against the di- 
rect beam (i.e., the signal with the apparatus 
stop wire withdrawn), measured immediately 
before and after the resonance exposure. The 
ordinate in Fig. 2 is the resonance counting rate 
expressed as a percentage of the direct beam 
counting rate. All resonances observed are con- 
sistent with an assignment of 3 for the nuclear 
spin of At?™*. Positive identification of the iso- 
tope was made by decaying some of the reso- 
nance peak buttons. The decay half-life observed 
by us (7.2 hr) agrees well with that quoted in the 
literature.5 

At™ contains a magic number of neutrons (N 
= 126) and the 2,,2 proton shell is closed at Z 
= 82. The observed spin of 2 is simply under- 
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FIG. 2. Astatine resonances observed at a magnetic 
field of 8.56 gauss. Resonances have been normalized 
against the direct beam. 


stood on the basis of the single particle shell 
model by assigning the three odd protons to the 
Ngp level. Two of the protons pair, and the spin 
is determined by the last odd proton. 

Measurements are in progress to determine 
the nuclear magnetic and electric quadrupole 
moments of At?'. 

We owe a great deal of thanks to Dr. E. H. 
Appelman and the other members of the Chemis- 
try Division of the University of California Ra- 
diation Laboratory for their help in the prepara- 
tion and extraction of the astatine. 


T supported in part by the U. S. Atomic Energy Com- 
mission and the Office of Naval Research. 
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GAMMA-RAY SPECTRA FROM NEUTRON 
CAPTURE IN RESONANCES OF Mn**f 
T. J. Kennett, L. M. Bollinger, 
and R. T. Carpenter 


Argonne National Laboratory, Lemont, Illinois 
(Received June 16, 1958) 


Following the discovery that reduced neutron 
widths fluctuate over a very broad range,’ a 
considerable experimental effort was expended 
in attempting to determine the form of the dis- 
tribution functions of the partial widths of slow- 
neutron resonances. By now the distributions of 
the neutron, the fission and the total radiation 
widths are fairly well understood. However, no 
direct experimental information has been re- 
ported concerning the distributions of the partial 
widths I',; for radiative transitions from highly 
excited compound states to a low-energy state. 
Gamma-ray spectra from capture in neutron re- 
sonances have been measured with single Nal 
scintillators.*~* These studies fail to give in- 
formation about the distribution of widths because 
of the technical difficulty, in the extremely com- 
plex spectrum, of observing individual transi- 
tions directly from the initial state. By applying 
coincidence techniques to the study of y-ray 
cascades following resonant capture of neutrons, 
we have overcome this difficulty enough to ob- 
serve transitions to the first few excited states. 
These data give quantitative information con- 
cerning the distribution of I',;. 

In our study of resonant capture, the Argonne 
fast chopper was used to select the energy of the 
incident neutrons on the basis of their time of 
flight. The gamma-ray spectra resulting from 
capture of these timed neutrons were measured 
with two 4-in. NaI(T1) scintillators using a fast- 
slow coincidence scheme. One scintillator was 
required to detect a narrow band of high-energy 
photons, thereby restricting the number of low- 
lying levels fed directly. Thus the low-energy 
spectra observed by the second scintillator are 
directly related to probabilities of single high- 
energy transitions. 

The measurement of the total cross section® of 
Mn suggested that it would be a favorable case 
to study since the spins of the resonances at 337 
(J = 27), 1080 (J =37), and 2360 (J = 37) ev 
were known. The y-ray coincidence spectra 
associated with capture in these resonances 
were determined. In addition, an extensive in- 
vestigation of the low-lying excited state of Mn™® 
was made by means of coincidence measure- 
ments on the y rays following capture of thermal 
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Y-RAY SPECTRA FROM NEUTRON CAPTURE IN 
Mn RESONANCES 
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FIG. 1. The y-ray spectra from neutron capture 


in manganese resonances. 


neutrons. The levels found confirm the (d, p) 
results of Green ef al.® 

Figure 1 shows the low-energy spectra ob- 
tained using the technique described above. The | 
high-energy window covered a range from 6.4 to 
7.6 Mev. Since the binding energy of Mn*° is 
7.26 Mev,” only direct transitions to the first | 
few excited states are observed. The time gate 
for each resonance ranged from 10 to 15 usec # 
the duty cycle was only about 0.3%; hence a 
running time of about 5 days was required to ol 
tain the data for each resonance. Figures 2(a) 
and 2(b) show the data in a more quantitative 
manner and also the specific transitions in- 
volved. From the decay scheme it is seen that 
by observing the lines at 83, 210, 320, and 270 
kev one is actually measuring the 7152-, 7046-, | 
6915-, and 6781-kev transitions; thus the meas 
urement is equivalent to observing the high- _ 
energy y ray with an effective resolution of 
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FIG. 2(a). The low-lying states of Mn*5 and the 
transitions observed following neutron capture in 
Mn‘5, (b) The relative intensities of the transitions 
observed following neutron capture in manganese re- 
sonances. Corrections have been made for y -ray 
branching and the sum of the intensities for each re- 
sonance is normalized to 100. 


about 3%. The reality of this high resolution is 
demonstrated by the relative ease with which 
the 320- (6915-) kev line is observed. Although 
its intensity is about 1%, Bartholomew and 
Kinsey’ did not observe it, possibly because of 
masking by the strong (6.5%) 7046-kev line. The 
intensities shown in Fig. 2(b) have been cor- 
rected for branching. The wide fluctuations in 
intensity are apparent and clearly are much 
greater than the statistical uncertainty of the 
experiment. 

Although the measurements are of a prelim- 
inary nature, some rather significant conclu- 
sions can be drawn from them. The marked 
difference between the y-ray spectra resulting 
from the capture of thermal and 337-ev neutrons 
is of considerable interest and had not been an- 
ticipated. This difference suggests that the 


_ thermal cross section is strongly influenced by 
| resonance at negative energy and not only by 


the 337-ev resonance, as had previously seemed 
probable. Quantitative calculations show that 
this suggestion is not inconsistent with the total 


| cross section measurements.’ Of more funda- 


_ Mental importance, the spectra for the reso- 
, ances at 1080 and 2360 ev differ from each 
other ina marked way even though the compound 





nucleus has the same spin state in both cases. 
Thus the data may be an indication that ry is 
not constant but varies in a statistical manner, 
possibly as proposed by Porter and Thomas.® 
An extensive program is underway to study 
several nuclides. It is hoped that spins and 
lifetimes can be assigned to the low-lying levels 


and that additional information can be obtained 
regarding the actual distribution of T yi: 


t work performed under the auspices of the U. S. 
Atomic Energy Commission. 

iHarvey, Hughes, Carter, and Pilcher, Phys. Rev. 
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HIGHER-ORDER EFFECTS IN THE ALLOWED 
BETA DECAY OF F*°T 
F. Boehm, Volker Soergel,* 
and Berthold Stecht 


Norman Bridge Laboratory of Physics 
and Kellogg Radiation Laboratory, 
California Institute of Technology, 

Pasadena, California 
(Received June 23, 1958) 


It has been proposed by Gell-Mann’ that the 
usual vector interaction in beta decay should be 
modified by addition of a small correction term 
due to the effect of virtual meson currents 
around the nucleons. This term is proportional 
to the difference of the anomalous magnetic mo- 
ments of protons and neutrons and is of the 
order of 0.1% per Mev beta energy. This cor- 
rection term, if it exists, gives rise to a slight 
deviation from the well known allowed shape of 
the beta spectrum. An experiment to study this 
effect has been suggested.* 

We consider here another way of studying this 
effect, namely the beta-gamma angular correla- 
tion. Normally the beta-gamma angular corre- 
lation of an allowed transition is isotropic. The 
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addition of the new term, however, gives rise to 
a small anisotropy which can be detected ex- 
perimentally. 

Since the resulting correction to both the beta 
spectrum and the beta-gamma angular correla- 
tion is very small, similar corrections due to 
the finite wavelength of the electron and rela- 
tivistic nucleon motion have to be considered in 
both types of experiments. All these corrections 
are approximately of the same order of magni- 
tude. Nevertheless, for a rough discussion we 
shall neglect these terms. Such an approxima- 
tion is entirely equivalent to a description of a 
magnetic dipole transition by the anomalous 
magnetic moments of the nucleons alone, neg- 
lecting the orbital parts. Under this assumption 
one obtains for the angular distribution in the 
case of an allowed Gamow-Teller transition 


ie 
W(6)=1-4 oe” jx- 2+) 
zy F, (a,r’, I I) 5,5,, 
z 16,7 





+ 


By On v 
XF, (1,1, 4il~)2 soar a E(cos?@-4). (1) 


In this expression @ is the angle between elec- 
tron and gamma quantum, [Up - Hy, = 3.7, and all 
other quantities have conventional meaning such 
as defined in by Alder et al.” 

An experimental study of the coefficient of 
cos*@ has been done for the beta decay of F*°. 
F*° has an electron spectrum with an end point 
of 5.4 Mev and a subsequent gamma ray of 1.63 
Mev. With a spin pattern J; = ats If = -. lpg 
=0*,* Eq. (1) gives an angular distribution 


W(6) = 1 + a cos? 6, (2) 
with 
a* 1.0x10°°E[1-(m |/E)*] (E, m , in Mev). 


F*° was produced by bombarding a CaF target 
with deuterons of 1.7 Mev from the 2-Mev Van 
de Graaf. The CaF target, which was prepared 
by vacuum evaporation onto a thin nickel foil, 
had a total thickness of a few hundred kilovolt 
for the incoming deuterons. Its thickness for 
electrons consequently was neglegible. The tar- 
get chamber consisted of a hollow Lucite cylin- 
der of 3 inches inner diameter and ¢ inch wall 
thickness. The deuteron beam entered the tar- 
get chamber after passing through an electro- 





static analyzer and impinged on a well-defined 
spot on the target. 

The counter arrangement consisted of a 13x1}., 
inch Nal crystal for the detection of the gamma 
rays and a 13x1-inch plastic scintillator for the ! 
detection of the electrons. The gamma counter 
was stationary and the beta counter was movab| 
and could assume angles of 90° and 180° with 
respect to the gamma counter. Both counters , 
were connected to a fast coincidence circuit. 
The single pulses of the gamma counter were 
biased at 1.2 Mev and those of the beta counter 
at 4.5 Mev. These pulses together with the fast 
coincidence pulses were fed to a slow triple 
coincidence circuit. The ratio of accidental to | 
real coincidences over one run was 5%. Data 
was taken in the following way. With the coun- : 
ters turned off the target was irradiated until a 
certain activity level of F*° was reached as in- 
dicated by the monitor. The deuteron beam the 
was turned off and after a few seconds, when th) 
source strength had assumed a certain preset 
value, the counters were turned on by the moni: 
tor system for a counting period of 16 seconds, 
About 300 coincidences were obtained in each 
run. Sets of 5 runs were taken at 90° and 180° 
alternatively. In the analysis, the number of | 
triple coincidences was divided by the number ¢ 
single counts in the beta counter, thus elimina- | 
ting a possible small difference in the solid 
angle of the beta counter at 90° and 180°. 

The result of this experiment, accepting all 
electrons above 4.5 Mev, is 


a = (+ 0.94 + 0.28)%. | 












This result has to be compared with the value ¢, 
a = + 0.45% derived from Eq. (2). 

As a check of the experimental arrangement | 
the beta-gamma angular correlation in the deci 
of Na™ has been measured for an electron enex 
of 0.8 Mev. The value of a = (+0.01 + 0.1)% has 
been found. The theoretically predicted value 
from Eq. (1) is a = + 0.05%. 

The observed effect in F*° is the first indicz 
tion of the presence of higher-order correctis 
in an allowed beta-gamma correlation exper!- 
ment. The sign and the magnitude agree with 
the rough estimate of the Gell-Mann term. 

Thanks are due to Professor M. Gell-Mann) 
many valuable discussions. One of us (V.S.) # 
indebted to the Kultusministerium of Baden- 
Wiirttemberg, Germany, for a grant. 





*on leave from University of Freiburg, Freibuts 
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tpresent address: Institut fiir Theoretische Physik, 
University of Heidelberg, Heidelberg, Germany. 

1M. Gell-Mann, Phys. Rev. (to be published). 

*Alder, Stech, and Winther, Phys. Rev. 107, 728 
(1957). 

$The spin 2* for the ground state of F2 seems more 
likely than the spin 1* reported by F. Ajzenberg and 
T. Lauritsen, Revs. Modern Phys. 27, 77 (1955). A 
spin assignment 1* would reverse the sign of a. 

‘In the case of a 2-2 transition we also would expect 
a contribution from the usual vector part. But this 


contribution must be small by virtue of the isotopic 
spin conservation. The "orbital parts" are consist- 
ently neglected [see Eq. (1) and above]. 





ERRATUM 


CIRCULAR POLARIZATION OF A‘? INTERNAL 
BREMSSTRAHLUNG. Lloyd G. Mann, John A. 
Miskel, and Stewart D. Bloom [Phys. Rev. Lett. 
1, 34 (1958)]. 

In the line following the first equation, the ex- 
pression Pjg(k) should be replaced by Pig (k). 
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ABSTRACTS 


In this section are printed the abstracts of Articles that have 
been forwarded to The American Institute of Physics for publi- 
cation in THE PHYSICAL REVIEW. In quoting information 
obtained from this section before the appearance of the corre- 
sponding Article, reference should be made to “Physical Review 
(to be published)” rather than to this Journal. 











SOLUTION OF SCHRODINGER EQUATION FOR 
A PARTICLE BOUND TO MORE THAN ONE 
SPHERICAL POTENTIAL. Leonard Eyges, Lin- 
coln Laboratory, Massachusetts Institute of 
Technology, Lexington, Massachusetts (Re- 
ceived February 14, 1958). 


We consider the quantum mechanical problem 
of a particle bound to a configuration of spheri- 
cal potentials, each of finite range. If the 
Schrédinger equation can be solved for each po- 
tential by itself, then it is shown how to solve it 
for the configuration, provided the potentials do 
not overlap. The energy levels are the zeros of 
a determinant of formally infinite order, but in 
practice this is always well approximated by a 
finite determinant and often by one of small 
order. As illustrative examples we consider 
some states of a particle bound to three square 
wells with the configuration of an equilateral 
triangle, and to two truncated Coulomb poten- 
tials. The possibility of extending an approxi- 
mate version of the method to overlapping po- 
tentials is pointed out. 


TIME-CORRELATION FUNCTIONS IN THE 
STATISTICAL MECHANICS OF TRANSPORT 
PROCESSES. Hazime Mori, Metcalf Research 
Laboratory, Brown University, Providence, 
Rhode Island (Received April 8, 1958). 


A kinetic equation governing the time depend- 
ence of the correlation function of flux is estab- 
lished for dilute gases and is integrated to yield 
a relation between the correlation time and the 
transport cross section. The spectrum of the 
binary collision operator is determined for 
spherically symmetric forces between molecules, 
which, for the hard-core model, consists of two 
discrete values in the classical limit; hence it 
is shown that the question of validity of approxi- 
mating the correlation function by an exponential 
decay depends upon the type of intermolecular 
force and the temperature of the system. Ap- 
proximate eigenvalues of the master collision 
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operator are obtained corresponding to the fluxes 
of viscosity and thermal conduction, and their 
relations to the macroscopic transport coeffi- 
cents are derived. These relations lead to a new 
approach to the transport properties of dilute 
gases, which is different from Enskog and Chap- 


man’s method, but yields the same results in the | 


classical limit. An expansion formula for the 
canonical transformation describing the motion 
of dilute gases is obtained and is employed to 
clarify the assumption of random a priori phases 
in the momentum representation for spatially 
uniform gases; this is done by formulating the 
quantum mechanical equivalent of Brout’s idea 
in the classical derivation of the master equa- 
tion. 


VARIATIONAL METHODS AND THE NUCLEAR 
MANY-BODY PROBLEM. R. Brout, Depart- 
ment of Physics, Cornell University; Ithaca, 
New York (Received February 19, 1958; revised 
manuscript received May 5, 1958). 


The general form of the energy of the ground 
state of a many-fermion system is shown to be 
exactly of the form proposed by Brueckner and 
Bethe, without approximation. In a variational 
treatment, if the trial wave function is picked 
containing only pair correlations, together with 
all possible unlinked pairs, it is described bya 
two-body excitation matrix (m,m,|A/p,p,). 
Variation of this matrix in the Ritz-Rayleigh 
principle yields a set of integral equations of the 
scattering type for the matrix A. Hole-state 
energies are given self-consistently in terms of 
the matrix A, but particle-state energies are 
Hartree-Fock energies. This may be corrected 
for by widely enlarging the class of terms ad- 
mitted into the wave function. If the approxi- 
mation is then made of omitting a class of 
terms, defined as cross-linked clusters in 
(~|H|), the particle-state energies are easily 
renormalized. Variation then leads to an infi- 
nite hierarchy of integral equations. 


NONEQUILIBRIUM PHONON DISTRIBUTIONS 
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IN METALS. David I. Paul, Department of 
Physics, University of California, Los Angeles, 
California (Received February 10, 1958; revise 
manuscript received April 3, 1958). 


The effect of nonequilibrium phonon distri- 
bution on some of the transport properties of 
metals is calculated in the presence of electric 
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and thermal currents and a magnetic field. It is 
shown that the lattice heat current contains an 
additional term, not found in the literature, 
which is equal in magnitude to the terms usually 
retained, and that this term represents the con- 
tribution from the nonequilibrium part of the 
electron energy distribution. Thus, -the heat 
current carried by the lattice in metals is de- 
pendent on the magnitude of the electron current. 

Further, the effect of electron-phonon scatter- 
ing caused by a nonequilibrium phonon distribu- 
tion on the Ettingshausen and Ettingshausen-Nerst 
coefficients is shown to be insufficient to explain 
the anomalous behavior of these coefficients for 
metals. 


ANISOTROPY ENERGY IN MnF, AT LOW 
TEMERATURES,. Takehiko Oguchi, Sarah Mel- 
lon Scaife Radiation Laboratory, University of 
Pittsburgh, Pittsburgh, Pennsylvania (Received 
January 27, 1958; revised manuscript received 
May 12, 1958). 


The anisotropy energy in MnF, is calculated 
by a spin-wave method. The magnetic dipole in- 


| teractions and the interactions of individual ions 


with their surrounding crystalline fields give 

the anisotropy energy of -4.9x10°erg/cc at 0°K. 
The experimental value extrapolated to 0°K by 
Foner is -5.0 x10°erg/cc. The temperature de - 
pendence of the anisotropy energy is obtained as 
Ean(T)Ean(0)=[M (T) /M(0)]?-°, where Egy (T), 
M(T) are the anisotropy energy and the magnet- 
ization of the sublattice at T°K, respectively, 

and Ean(0), M(O) are the corresponding values at 
0°K. 


THERMAL PROPERTIES OF MOBILE DEFECTS. 
Andrew Granato, Department of Physics, Uni- 
versity of Illinois, Urbana, Illinois (Received 
March 10, 1958; revised manuscript received 
April 23, 1958). 


Using simplified models, calculations are 
made for the contribution of mobile dislocations 
and small-angle boundaries to the specific heat 
and thermal resistivity of crystals. The spe- 
tific heat is found to be proportional to T and T°, 
and the lattice resistivity approximately t to rm 
where n lies between 3 and 7/2 for the usual 
range of measurements) and » for mobile dis- 
leations and mobile small-angle boundaries, 
Tespectively, over a range of low temperatures, 
tut eventually both go to zero in the limit as the 
temperature approaches zero. The magnitudes 








of the effects are such that although the contri- 
bution of dislocations to the specific heat of 
some pure cold-worked nonconductors and 
superconductors may be measurable, that from 
small-angle boundaries is not. The effect of 
dislocations on the thermal resistivity is large 
and should compete with boundary scattering 

for temperatures of the order of 10~? of the 
Debye temperature, with dislocation densities 
of the order of 10’cm™ in specimens of a few 
millimeters in diameter. The predicted tem- 
perature dependence is in agreement with recent 
measurements on superconducting lead at low 
temperatures. At present a contribution from 
mobile boundaries to the thermal resistivity is 
not excluded as a possibility. 


CORRELATION OF ELECTRON AMPLITUDES 
IN IMPURE METALS. P. R. Weiss and Elihu 
Abrahams, Physics Department,. Rutgers Uni- 
versity, New Brunswick, New Jersey (Received 
March 12, 1958). 


The amplitude correlation function in an im- 
pure metal is the average over all possible ar- 
rangements of impurities of the correlation 
LF ‘W, (FE -E.)s where the v, are eigen- 
functions of a one-electron Hamiltonian includ- 
ing impurity potentials. The 5-function re- 
stricts the sum to states m on the energy shell 
E. This quantity, whose usefulness in studies 
of impure metals is pointed out, is evaluated 
from first principles by means of multiple scat- 
tering techniques. If the impurity density is not 
too high, the amplitude correlation is p(E) 

x sin[(2mE)'/?R] exp(- R/2d)[(2mE)'/?R]", where 
p(E) is the density of states and R= |f-f’| 


GROUND STATE ENERGY AND EFFECTIVE 
MASS OF THE POLARON. Elliott H. Lieb, 
Physics Department, University of Ilinois, Ur- 
bana, Illinois, and Kazuo Yamazaki, Max Planck 
Institut fiir Physik, University of Géttingen, Ger- 
many (Received February 20, 1958). 


The polaron Hamiltonian would be easily solu- 
ble were it not for the quartic term appearing 
therein. It is proposed to substitute for the 
quartic term a quadratic term having roughly 
the same properties, and in such a way that the 
ground state energy of the new Hamiltonian is 
rigorously a lower bound for the true energy. 
With a very small amount of work one can ob- 
tain a lower bound as a continuous function of a 
for all values of a. The result agrees fairly 
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well with the results obtained by other methods. 
Using the equivalent Hamiltonian one can also 
obtain an analytic expression for the effective 
mass, although one cannot say it is a bound for 
the true effective mass. Moreover, once one 
has obtained a lower bound for the energy as a 
continuous function of the parameters of the 
Hamiltonian, one can rigorously derive upper 
and lower bounds for the ground state expecta- 
tion values of various operators. For example, 
it can be shown that for large a and large K, 
(ag* ag ) ~ k-* and not K™ exp (-K*) as in Pekar’s 
solution. Because of its simplicity, it is possi- 
ble that this method may have application to 
other ground state problems. 


VOLUME CHANGES ASSOCIATED WITH THE 
SUPERCONDUCTING TRANSITION. G. D. 
Cody, * Lyman Laboratory, Harvard University, 
Cambridge, Massachusetts (Received March 6, 
1958). 


Measurements have been made of the length 
change associated with the superconducting tran- 
sition of lead, tin, thallium, indium and tanta- 
lum. For all the metals except tantalum, meas- 
urements were made between 1.5°K and 4.7°K 
and the length change observed ranged from 
10™® cm. to 10™* cm. The length change produced 
a capacitance change in the tank circuit of a 
stable LC oscillator and the length change was 
measured in terms of the resultant frequency 
change. 

For lead and tantalum, the length change can 
be related to 8H,/®P, i. e., the variation of cri- 
tical field with pressure, and the results ob- 
tained for this quantity in previous measure- 
ments. For noncubic metals the length change 
can be related to 8H,/87, i.e., the variation of 
critical field with normal stress. Grenier has 
shown that this quantity is anisotropic for tin 
and mercury; the present experiment indicates 
it to be anisotropic for indium and thallium. The 
indium anisotropy is of the same order as that 
observed for tin. The thallium anisotropy is 
such that 8H,/87 differs in sign for directions 
perpendicular and parallel to the axis of sym- 
metry of the crystal. 

An attempt is made to relate the magnitude 
and anisotropy of the effect to current theories 
of the superconducting state. 


* At present at the Clarendon Laboratory, Oxford 
University. 
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SOME EXPERIMENTS ON THE MOTION OF 189° 
DOMAIN WALLS IN BaTi0O,. Robert C. Miller, 
Bell Telephone Laboratories, Murray Hill, Ney 
Jersey (Received February 6, 1958). 


Single-crystal BaTiO, samples with aqueous 
LiCl electrodes in place of the customary noble 
metal electrodes are observed to undergo polari- 
zation reversal with electric fields of several 
hundred of volts per cm in a manner very much 
analogous to certain ferromagnetic materials. It 
is shown for the first time that polarization re- 
versal in BaTiO, can take place by the expansim 
of a few domains through extensive sideways 1/ 
domain wall motion. The observed domain con- 
figurations show that the smallest switched do- 
mains are probably circular in cross sectionan 
do not appear to go through the thickness di- 
rection of the crystal. The small domains grow 
through sideways 180° domain wall motion into 
large ones which have approximately square 
cross sections with the straight sides at 45° to 
the a axes. It is also noted that few, and some- 
times no, ferroelectric Barkhausen pulses are 
observed during polarization reversal, and that 
Barkhausen pulses can occur when two switched 
domains come together. 


ABSORPTION OF LIGHT BY COLLOIDS IN 
ALKALI HALIDE CRYSTALS. William T. Doyle, 
Physics Department, Dartmouth College, Han- 
over, New Hampshire (Received April 9, 1958; 
revised manuscript received June 17, 1958). 


The thermal transformation of F centers into 
colloid has been observed in NaCl. The trans- 
formation occurs with constant integrated ab- 
sorption cross section. The shape of the band 
depends upon the temperature at which the col- 
loid is formed. A theory of the colloid band 
based upon the free electron model of the alkali 
metal and Mie’s theory of the absorption of ligt 
by conducting spheres is presented. The theory 
makes assertions concerning the integrated ab- 
sorption, maximum absorption, band width, ai 
band position which are compared with experi- 
ment. 


OPTICAL ABSORPTION BY F CENTERS IN 
ALKALI HALIDES. William T. Doyle, Depart 
ment of Physics, Dartmouth College, Hanovel, 
New Hampshire (Received March 26, 1958). 


The integrated optical absorption due to F 
centers in KCl, KBr, and NaCl has been meas 
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ured using a modification of Kleinschrod’s 
method which eliminates salt effect errors. As- 
suming the validity of the f-sum rule, the re- 
sults are used to obtain experimental values 

for the local field correction. The Onsager 

local field gives better agreement with experi- 
ment than does the classical expression of 
Lorentz. To facilitate comparison with other 
work, the results have also been used to com- 
pute oscillator strengths using Smakula’s equa- 
tion. The f values are 0.91+0.12, 0.85+0.08, 

and 0.86 +0.05 for KCl, KBr, and NaCl respect- 
ively. 


NORMAL MODES OF GERMANIUM BY NEUTRON 
SPECTROMETRY. B.N. Brockhouse and P. K. 
Iyengar, Physics Division, Atomic Energy of 
Canada Limited, Chalk River, Ontario, Canada 
(Received March 31, 1958). 


The frequency wave-number relations of the 
lattice vibrations in germanium which propagate 
in the symmetric [100] and [111] directions (and 
some results in other directions) have been ob- 
tained by studying energy distributions of neu- 
trons scattered by a germanium single crystal. 
The characters of the phonons were ascertained 
from the intensities and positions of the neutron 
groups in the reciprocal lattice. The methods 
are discussed. The results cannot be fitted by 
simple models using the Born-von Karman the- 
ory, but explain satisfactorily the specific heat. 
The far infrared spectrum of germanium can be 
interpreted as combination bands in terms of 
our results. 


PARAMAGNETIC RESONANCE SPECTRUM OF 
COBALT IN CERIUM MAGNESIUM NITRATE 

AT 4°K. W. B. Gager, * P. S. Jastram, and J. G. 
Daunt, The Ohio State University, Columbus, 
Ohio (Received November 8, 1957). 


Paramagnetic resonance spectra of cobalt in 
crystals containing cerium and bismuth mag - 
nesium nitrate have been studied at 4°K for va- 
rious cerium-bismuth ratios. It is found that the 
cobalt hyperfine spectrum, well resolved in pure 
bismuth magnesium nitrate, is strongly atten- 
uated by the addition of small percentages of 
cerium. For ionic cerium concentrations higher 
than 20% of the cerium-bismuth total, the cobalt 
hyperfine components cannot be resolved at all, 
except for the particular case of a 50% mixture. 
We attribute the attenuation of the cobalt spec- 
trum to magnetic dipole interactions with the 





cerium ion, and suggest that this may also ac- 
count for the fact that the observed degree of 
Groter-Rose orientation of Co®° in cerium mag- 
nesium nitrate disagrees with the results of 
calculations that do not include the effect of di- 
pole- dipole interactions. . 


*Now at the National Bureau of Standards, Washing- 
ton, D. C. 


VIBRATIONS OF A ONE-DIMENSIONAL IONIC 

LATTICE. Herbert B. Rosenstock, U. S. Naval 
Research Laboratory, Washington, D. C. (Re- 

ceived January 22, 1958). 


The singularities in the distribution of vibra- 
tional frequencies in the one-dimensional ionic 
lattice are studied. It is shown that presence of 
Coulomb forces, however weak, not only pro- 
duces at least one additional singularity, but 
also changes the nature of one singularity qual- 
itatively. , 


FERMI-SEGRE FORMULA. L. L. Foldy, Case 
Institute of Technology, Cleveland, Ohio (Re- 
ceived April 14, 1958). 


A derivation of the nonrelativistic Fermi -Segre 
formula for the probability of finding a valence 
s electron at the nucleus of an atom in terms of 
the energy eigenvalues of the electron is present- 
ed, which makes use of the effective range method 
drawn from scattering theory and a refinement of 
the JBWK method which avoids problems with the 
Coulomb singularity of the ion core potential. 


ANALYTIC WAVE FUNCTIONS I. ATOMS WITH 
ls, 2s, AND 2p ELECTRONS. R. G. Breene, 
Jr., Missiles and Ordnance Systems Department, 
General Electric Company, Philadelphia, Penn- 
sylvania (Received January 24, 1958; revised 
manuscript received April 28, 1958). 


Rather appealing analytic wave functions are 
utilized to obtain a general expression for the 
atomic energy for atoms having one or more 
electrons in the 1s, 2s, and 2p orbitals. A 
minimization of this energy expression, contain- 
ing three independently variable parameters, has 
been programmed on the IBM 704 electronic data 
processing machine. As an example, this pro- 
gram has been utilized for the obtaining of the 
best analytic wave functions for the single ground 
configuration of O~ and the three ground configura- 
tions of O. 
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POSSIBLE EXPERIMENTS FOR DETERMINA- 
TION OF BETA INTERACTIONS, II. M. Mor- 
ita and R. S. Morita, Columbia University, 
New York, New York ‘Received April 10, 1958). 


In Part I of this paper we have proposed some 
possible recoil experiments to decide the relat- 
ive strength of scalar and vector interactions and 
that of tensor and axial vector interactions in 
beta decay. The formulas in the analysis of these 
experiments have been given for decays involving 
beta-gamma cascades and K capture-gamma- 
gamma cascades. Here, similar formulas are 
given for decays involving beta-gamma-gamma 
cascades, taking into account the nuclear reso- 
nance fluorescence and circular polarization of 
the gamma ray. The decay of Co® is discussed 
in detail. The degree of the circular polarization 
of the resonant gamma ray from Ni® is 2% left 
handed if the beta interaction is axial vector and 
23% right handed if tensor. 


GAMMA RAYS FROM [*. H. Bosch, R. Radi- 
cella, * P. Reyes, and T. Urstein, Nuclear Spec- 
troscopy Laboratories, Comision Nacional de 
Energia Atomica, Buenos Aires, Argentina (Re- 
ceived February 10, 1958). 


The gamma radiation following the decay of 
I'*® was studied by means of a single channel 
analyzer. Four gamma rays of energies 0.445, 
0.530, 0.740, and 0.975 Mev and relative inten- 
sities 100: 9.3: 0.9: 1.8 were found. Three 
methods of preparing the source were employed 
in order to check the purity of the sample. 
Using published data together with our results, 
we propose a level sequence for Xe™*, which is 
of vibrational type. 


_ 
Radiochemical Laboratories. 


SOFT RADIATION EVENTS AT HIGH ALTI- 
TUDE DURING THE MAGNETIC STORM OF 
AUGUST 29-30, 1957. Kinsey A. Anderson, 
Department of Physics, State University of 
Iowa, Iowa City, Iowa (Received April 4, 1958). 


During a balloon flight made from Fort 
Churchill on August 29, 1957, showers of x-rays 
were encountered at an atmospheric depth of 
about 11 g-cm™. At times their flux was as high 
as 20 photons cm™sec™'sterad™. The close con- 
nection between the appearance of these x-rays 
in the 100 kev energy region and storm type de- 
creases in the local geomagnetic field is shown. 
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The one observation that bears on the point is 
consistent with these x-rays being produced by 
electron bremsstrahlung in the terrestrial atmos- 
phere. There are features of the x-ray behavior 
which show that the primary electrons must be 
local in character quite apart from geomagnetic 
cutoff considerations. By “local” is meant that 
the electrons either acquire the main part of 

their kinetic energy in the neighborhood of the 
earth or that they are accelerated at the sun, 

are trapped in magnetic clouds, and drift to the 
earth where they are released. It is suggested 

that acceleration of electrons is a rather general 
characteristic of the region surrounding the earth 
and that their association with aurorae and geo- _ , 
magnetic storms may be special features. 


APPLICATION TO ELECTRON SCATTERING OF 
CENTER-OF-MASS EFFECTS IN THE NUCLEAR 
SHELL MODEL. L. J. Tassie and F. C. Barker, 

Research School of Physical Sciences, The Aus- 
tralian National University, Canberra (Received 

April 16, 1958). 


The usual shell-model treatment of the nuclear 
scattering of high-energy electrons neglects the 
motion of the center of mass of the nucleus. The 
correction due to this is calculated for the case 
of an oscillator potential well and gives a simple | 
additional factor multiplying the nuclear form 
factor. 


' 


RADIATIONS OF OSMIUM-193 AND -191. V. 5%. 
Dubey, S. S. Malik, C. E. Mandeville, and 
Ambuj Mukerji,* Bartol Research Foundation of 
the Franklin Institute, Swarthmore, Pennsylva- 
nia (Received September 19, 1957). 


The radiations of Os’** and Os’** have been ex- 
amined in a thin-lens beta-ray spectrometer ani | 
in coincident scintillation spectrometers. Ten : 
gamma rays and seven beta spectra have been 
detected in the decay of Os’®*, revealing energy 
levels in Ir’ at 73, 138, 356, 388, 458 and 558 
kev. In order of decreasing end-point energy, 
the relative intensities of the beta spectra of 
Os’* are estimated as 67, 6, 4, 2, 3, 13 and5. 
The beta-ray spectrum of Os’ has been ob- 
served, and the K/L ratio of the 129-kev gamma 
ray of Os™ has been measured as 2.4, corres- 
ponding to a mixture of 54% E2 in M1. 


' 
' 





*Presently at Department of Physics, A. and M. 
College of Texas. 
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VARIATIONS iN SPECTRA OF RESONANCE 


NEUTRON CAPTURE GAMMA RAYS IN INDIUM. 


J. E. Draper, C. A. Fenstermacher,* and H. L. 
Schultz, Yale University, New Haven, Connect- 
icut (Received March 14, 1958). 


Measurements are reported of the 0-350 kev 
portion of the gamma-ray spectra following neu- 
tron capture in the 1.46-, 3.86-, and 9.10-ev 
resonances of the ,,In’* target nucleus. The 
prominent features of the spectra are signifi- 
cantly different for the three resonances as in- 
dicated by the ratios of relative intensities of 
the 67-, 98-, 188-, and 280-kev gamma rays. 
The 0-1600 kev portion of the spectrum follow- 
ing thermal neutron capture is presented. The 
absolute intensity of the 280-kev gamma ray has 
been measured for the three resonances. 


* present address: Los Alamos Scientific Labora- 
tory, Los Alamos, New Mexico. 


GAMMA RAYS OF Rh’® (13042 min). S. Mayo 
and S. J. Nassiff, Comision Nacional de Energia 
Atomica, Buenos Aires, Argentina (Received 
May 3, 1956; revised manuscript received No- 
vember 21, 1957). 


The gamma-ray spectrum of Rh’ (130 min) 
was studied with an Nal(T1) crystal scintillation 
spectrometer of 9% resolution for the 662-kev 
gamma line of Cs'*’, The following gamma rays 
were obtained: 220 + 5 kev (18%), 435 + 5 kev 
(43%), 515 + 5 kev (100%), 610 + 5 kev (26%), 
735 + 5 kev (36%), 820 + 5 kev (45%), 940 + 10 
kev (?), 1070 + 5 kev (40%), 1225 + 5 kev (23%), 
1380 + 10 kev (?), 1555 + 5 kev (23%), 1760 + 10 
kev (7%), 1860 + 10 kev (8%), 2090 + 10 kev (1%), 
2260 + 10 kev (1%). The measured half-life was 
130 + 2 min. 


ASYMMETRY MEASUREMENTS IN THE 
SCATTERING OF 155-Mev NEUTRONS BY 
CARBON, ALUMINUM, COPPER, CADMIUM, 
AND LEAD. R. S. Harding,* University of Ro- 
chester, Rochester, New York (Received 
March 12, 1958). 


The asymmetry in the scattering of a 13% po- 
larized (155 +5)-Mev neutron beam from C, Al, 
Cu, Cd, and Pb was measured at angles below 
the first maximum in the asymmetry. The scat- 
tered neutrons were detected by a large volume 
scintillator with an energy threshold determined 
by pulse-height discrimination. Optical-model 


calculations were performed by a WKB phase- 
shift analysis to find the “best fit” to the 155- 
Mev proton-carbon polarization data from 
Uppsala. The nuclear parameters determined in 
this manner were then used to calculate the po- 
larization and the cross sections by WKB and © 
Born approximations for comparison with the 
data of this experiment. The neutron polariza- 
tion and the qualitative behavior of the neutron 
differential cross sections were well explained 
by the model, but sizable discrepancies were 
found between the predicted and measured ab- 
solute cross sections. 


*Now at Combustion Engineering, Inc., Windsor, 
Connecticut. 


A-NUCLEON INTERACTION IN THE HYPER- 
NUCLEUS ,Be®. Kiu S. Suh, Laboratory of Nu- 
clear Studies, Cornell University, Ithaca, New 
York (Received April 7, 1958). 


A variational method has been used to calcu- 
late the strenght of the A-nucleon interaction 
required to account for the observed binding of 
ABe®. The hypernucleus is treated as a three- 
body system (two alpha particles and the hyper- 
on), in which the spin- average of the A-nucleon 
interaction is effective. Results in agreement 
with previous calculations of the A-nucleon in- 
teraction in jHe® are obtained without appreci- 
able overlapping of the two alpha particles. This 
absence of overlapping is taken to be a reason- 
able criterion for the validity of the model. 


POSSIBLE EXPERIMENTAL TEST OF UNIVER- 
SAL FERMI INTERACTION. R. Gatto, Instituto 
di Fisica e Scuola di Perfezionamento in Fisica 
Nucleare, Istituto Nazionale di Fisica Nucleare, 
Sezione di Roma, Rome, Italy (Received April 
15, 1958). 


The decay modes Kg, and Ky, of charged and 
neutral K particles are discussed with the aim 
of deriving, in the theory of Feynman, Gell- 
Mann, Marshak, and Sudarshan, possible ex- 
perimental tests of the hypothesis of universal 
Fermi interaction, which is already apparently 
contradicted by the present data on the ratio of 
™~e+v to 7+44+v. Measurement of the K, spec- 
tra would already provide a test of the hypo- 
thesis, and measurements of the polarizations 
would give further confirmation. Unique forms 
of the spectra of the charged leptons are predict- 
ed on the basis of the universality hypothesis 
and of particular assumptions. 
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CONSTRUCTION OF A COMPLETE SET OF 
INDEPENDENT OBSERVABLES IN THE GEN- 
ERAL THEORY OF RELATIVITY. Arthur 
Komar, Department of Physics, Syracuse Uni- 
versity, Syracuse, New York (Received April 7, 
1958). 


The construction of a complete set of quanti- 
ties in general relativity, whose functional form 
is invariant under coordinate transformations, 
is indicated. The set obtained is highly redun- 
dant. The Cauchy problem for obtaining an in- 
dependent complete set of such quantities (“ob- 
servables”) is therefore discussed. It is also 
pointed out that the observables obtained may 
alternatively be viewed as the metric tensor in 
a special “gauge” (i.e., with a special coordinate 
condition). This latter viewpoint may readily 
facilitate the quantization of general relativity. 


TWO-COMPONENT FERMION THEORY. Laurie 
M. Brown, Northwestern University, Evanston, 
Illinois (Received March 4, 1958). 


The relativistic generalization of Pauli’s 
equation for the electron has recently motivated 
Feynman and Gell-Mann to propose a specific 
form of universal Fermi interaction. Particles 
satisfying this equation are studied from the view- 
point of their electromagnetic interaction. It is 
found that an anomalous magnetic moment simi- 
lar to the Pauli moment violates the Hermiticity 
of the theory, and that only vector and axial 
vector interactions lead to simple two-component 
equations, even with parity conservation. Rules 
for calculation in quantum electrodynamics are 
developed which have definite advantages over 
the usual Dirac formulation. 


FOLDY -WOUTHUYSEN TRANSFORMATION. 
EXACT SOLUTION WITH GENERALIZATION 
TO THE TWO-PARTICLE PROBLEM. Erik 
Eriksen, Institute for Theoretical Physics, 
University of Oslo, Oslo, Norway (Received 
April 14, 1958). 


The Dirac Hamiltonian for a particle ina 
nonexplicitly time-dependent field is converted 
to an even Dirac matrix by means of a single 
canonical transformation. When the interaction 
term is an odd Dirac matrix, the transformed 
Hamiltonian is expressed in a very simple form. 
An exact transformation is also found for two- 
particle wave equations of Breit’s type. The 
transformed Hamiltonian is then a uU-separating 


86 





matrix, in Chraplyvy’s sense. 

In the nonrelativistic limit, expansions in 
powers of 1/m or 1/c are made. The approxi- 
mate wave equations are in agreement with pre- 
vious transformation results. 


REDUCTION OF PRIMARY CONSTRAINTS IN 
GENERALLY COVARIANT FIELD THEORIES. 
James L. Anderson, Department of Physics, 
Stevens Institute of Technology, Hoboken, New 
Jersey (Received March 28, 1958). 


Generally covariant field theories have asso- 
ciated with them, in the canonical formalism, a 
series of primary and secondary constraints. 
For a large class of these theories it is proven 


that there exists a transformation which will re- ' 


duce the primary constraints to the form of a 

set of momenta equal to zero. The transforma- 
tion which accomplishes this reduction is exhib- 
ited explicitly for the case of general relativity. 


DIAGONALIZATION OF A NON-HERMITIAN 
HAMILTONIAN IN PROBLEMS OF NUCLEAR 
SCATTERING. E. Minardi, Societa Nazionale 
Cogne, Aosta, Italy, and Istituto Nazionale di 
Fisica Nucleare, Sezione di Torino, Italy (Re- 
ceived December 26, 1957). 


It is proposed to apply a nonunitary solution 
obtained from a previous work to the diagonali- 
zation of non-Hermitian Hamiltonians, which 
describe nuclear scattering with formation of 
the compound nucleus. The series which gives 
such a solution is summed by introducing an 
adiabatic approximation. This solution enables 
the description not only of the absorption but 
also of the re-emission of particles from the 
compound nucleus and its decay in the final state, 
provided a convenient nuclear model is available | 
which supplies the zero-approximation Hamil- 
tonian. Finally, the solution is applied to the 
case of the resonance nuclear scattering. 


THEORY OF THE INTERNAL SPACE. Walter 
E. Thirring, Department of Physics, University 
of Washington, Seattle, Washington (Received 

December 10, 1957). 


It is postulated that fermions with identical 
space-time properties have to obey the exclu- 
sion principle unless they differ dynamically in 
their interaction with other particles. This pos 
tulate is formulated within the framework of 4 
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theory of the internal degrees of freedom. When 
all possible Yukawa-type couplings are exam- 
ined, this postulate together with some other 
specifications singles out the @-7 interaction be- 
tween pion and nucleon. Finally, when applied 

to electric interactions it requires the displace - 
ment of the nucleon center of charge. 


FORMULATION OF FIELD THEORIES OF COM- 
POSITE PARTICLES. K. Nishijima, Institute 
for Advanced Study, Princeton, New Jersey (Re- 
ceived April 15, 1958). 


A general method for dealing with bound-state 


problems is presented, based upon Feynman’s 
over-all space-time point of view. In this paper 
we are mainly interested in the properties of 
Green’s functions that should be satisfied in 


field theories with bound states. First the Chew- . 


Low or Lehmann-Symanzik-Zimmermann equa- 
tions are generalized so as to include composite 
particles. Then we examine the possibility of 
distinguishing between elementary and composite 
particles. Finally it is investigated how the S- 
matrix elements for processes involving com- 
posite particles are related to those involving 

no composite particles. This problem is illus- 
trated by the relation between p+p—n+p+7* and 
p+p-d+n". 





